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Dear Sir: 



I, J. Christopher Grimaldi, declare and state as follows 



1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

■ 

3. I joined Genentech in January of 1999. From 1 999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

■ 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

■ 

5. The DNA libraries used in the gene expression studies were made from pooled 

> 

samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

« 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 




Date: 

Christopher Grimaldi 
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University of California, Berkeley 
Bachelor of Arts in Molecular Biology, 1984 
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SRA 



Genentech Inc., South San Francisco; 1/99 to present 



Previously, was. responsible to direct and manage the Cloning Lab. Currently focused on. 

TnSf C3n 2 r C for ^ 1W (TAP), and Secreted Tumor Protein 

(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 

ESSE* D f P r meDt - a ^ of 6 scientists focused on acompany-wideSS 

to identify and isolate secreted proteins for potential therapeutic use (SPM). For the SPDI project 
my duties were, among other things, the critically important coordination of toe cloning of ? J 

Soi^°2T Ve Sen f' by devel °P m g a smooth P^ess of communication between the 
Bioinformatics, Cloning, Sequencmg, and Legal teams. Collaborated with several groups to 

ttZ^t ^ ^l^u *" Pr0ject > a differential display metoodology. 

Interacted extensively with the Legal team providing essential data needed for filing pateJfon 
novel genes discovered through the SPDI, TAP and Curagen projects. My group hi developed, 
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Scientist 



DNAX Research Institute, Palo Alto; 9/91 to 1/99 



Involved in multiple projects^imMat nnderstanding novel genes discovered thWh 

SLTT* StUdi ^ l and Developed and patented a method fortoe specific 

depletion of eosmophils m vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in theareas of expression, 

TrS ? a punfi ^ atlon ' * eneraI molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff. 



Facilities 

Manager Corixa, Redwood City; 5/89 -7/91. 



Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, mventory control, shipping and receiving, and laboratory management. Designed 

Zi ente , , ? P '°? am - Ak0 S6rved 38 Mson t0 "&***y agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 

n£f ™f5l C ° m u ^ dtactod ^ department. Trained and supervised 

personnel to carry out the above-mentioned duties . 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

« 

Was responsible for numerous cloning projects including: studies of somatic hypermutation 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(ll;14), and t(8* 14) 
tonslocatoons. Focused on the activation of hemopoietic growlh factors involved in the t(5 ; 14) 
translocation in leukemia patients.. ' 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate ohgonucleotides, and 
characterizing and expressing clones in E. coll Also constructed a general purpose expression 
vector for use by other scientific teams. cA P K» 5 ion 

PUBLICATIONS 

■ t 

** w^F'S^J 1 ' '^S^ted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment." Genome Res. Vol 13(10), 2265-2270, 2003 

■ 

■r 

2. Sean H. Adams, Clarissa Chui' Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J 
Christopher Gnmaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman-"BFIT 
a Umque Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning 
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DECLARATION OF J. CHRISTOPHER GREMALDL UNDER 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



Dear Sir: 

I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

4 

1 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 1 8 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

» 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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■ 

Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton ai, Pathol. Annu. . 27Ptl: 165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi et al, Blood, 73 (8) :208 1-2085(1 989); Meeker. ef aL Blood . 76(2) :2 85-2 89(1 990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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■ 

under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 

» 

that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 




%1M 



Date: 



stopher Grimaldi 
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University of California, Berkeley 
Bachelor of Arts in Molecular Biology, 1984 
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Genentech Inc., South San Francisco; 1/99 to present 



Previously, was responsible to direct and manage the Cloning Lab. Currently focused on. 

SSSff"?*? 'r? 0 ^ fOT TW ***** ^ md Secreted Tumor Protein 
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Biomformatics, aoning, Seqnencmg, and Legal teams. Collaborated with several groups to 
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n^vel^T S1Vely r5 Priding essential data needed for filing patenTon 

novel genes discovered through the SPDI, TAP and Curagen projects. My group has develoned. 
implemented and patented high throughput cloning methodologies that hLfZventfbe 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. projects as 
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DNAX Research Institute, Palo Alto; 9/91 to 1/99 
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depletion of eosmophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in theareas tfSSSm 

S3 P T m pUrific / ti0n ' * eneral biology, and monoclonalSody^Sn 

Tramed and supervised numerous technical staff. 



Facilities 
Manager 



Corixa, Redwood City; 5/89 - 7/91. 



Directed plant-related activities, which included expansion planning, maintenance, safety 
purchasing, inventory control, shipping and receiving, and laboratory management Designed 
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state and federal level. Was m charge of property leases, leasehold improvements, etc. 

Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. *upervisea 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of «5;14), t(ll;14), and t(814) 
tons ocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation ni leukemia patients.. , 

■ 

» 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and 
^tenzmg and expressing clones in E. coli. Also constructed a general purpose expression 
vector for use by other scientific teams. 
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ganunaRJIB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 113-9, 



3. 



o 



UU I 



7. Cockayne DA, Muchamuel T, Grimaldi JC, Muller-Steffher H, RandaJl TD Lund FB 
Murray R, Schuber F, Howard MC. "Mice deficient for the ecto-mcotinamide adenine 

Sua^st C mt° laSQ 0038 exhibk atored humoral 5mmune res P° nses " Blood vol. 

8. Frances E. Lund, Nanette W. Soivason, Michael P. Cooke, Andrew W. Heath J Christooher 
Gnmald,, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodno Chnsto P her 
Howard. "Signaling through murine CD38 is impaired in antigen recepl 
ceUs " European Journal of Immunology, Vol. 25(5), 1338-1345, 1995 

9. M J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles, J. C. Grimaldi, F. Lee T 
McClanahan. "Anew approach to the study of haematopoietic development in" the yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

10 * i25? pher Sf^ft Sriram B^brainanian, J. Fernando Bazan, Armen Shanafelt, 
Gerard Zurawski and Maureen Howard. "CD38-mediated protein ribosylation." Journal 61 
Immunology.VoL 155(2), 811-817, 1995 Journal oi 

^ wi°T S ?!l 0S ; Ar f im ^ d0 ' F T* S R Lund ' Andrcw W - Heath, Nanette Solvason, Wei 
wci wu, j. i_nnstopner Grimaldi. R. M. R ParkhrmsA mA X/Tan^« 



ua » ceus implicates Bruton's tyrosine kinase (btk) as a regulator ol 
transduction." International Immunology, Vol 7(2), 163-170, 1995 



H^ard^ur^™ 01 ! 38011 ' Christ °f her Q6aa ^ R M ' E - Parkhouse Maureen 
i?(To^ 469^3? ms Umnim ° regUlat0ry eCtoenz y me '' Inununology Today, Vol: 

Maureen Howard, J^Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo 
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee 

I ^°5Jjf °^ clic ADP-Ribose Catalyzed by Lymphocyte Antigen 
CD38." Science, Vol. 262, 1056-1059, 1993 bp* 

■ 

Nobuyuki Harada, Leopoldo ^ v Santo & Argujnedp, Ray.Chang, J. rt Christopher Grimaldi, France 
LunJ Camilynn ttirannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath R ME 
Parkhouse and Maureen RnwanH »T7vn M cc;™ m^ji. _ \ „ 7. ' *\ _ : E ; 



151,3111-3118, 1993 



of Immunology 



15. David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J 
Chnstopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen 

RnZ^ ( ? PeIand ' A - JeT ^ S ' 0wen Wkte - " Mutation of Unique Region of 
Bruton s Tyrosme Kinase in Immunodeficient XED Mice." Science, Vol. 261, 358-360, 1993 

■ 

16. J Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Clark 
Maureen Howard, and Debra A. Cockayne. "Genomic Structure and Chromosomal Mappine 
of the Murine CD40 Gene." The Journal of Immunology, Vol 149, 392 1-3926, 1992 

17 ' rZ°2l^ if!*5 • B ! Uce Sh 5 amizu ' Lzwence Kaplan, Brian Herndier, Henry Sanchez, J. 

m^S^^T^u'^ Ba T g f tDer ' Jacab RacWm ' EUen ***** Mark Rosenblum and 
Michael S. McGrath. "Evidence for Molecular Subtypes of HIV-Associated Lymphoma- 



Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma." 
AIDS, Vol. 5, 669-674, 1991 

18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in { 
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin 
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989 



w • ••« * — . 



20. "Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in th< 
BCL- 1 Locus Associated with the t(l 1 ; 14) (ql3;q32) Translocation of B-Lymphocytic 
Mahgnancy." Blood, Vol. 74, 1801-1806, 1989 

21 Timothy C. Meeker, J. Christopher Grimaldi, Robert ORourke, et al. "Lack of Detectab 
Somatic Hypermutation in the V Region of the Ig H Chain Gene of a Human Chronic 
Lymphocytic Leukemia." The Journal of Immunology, Vol. 141, 3994-3998, 1988 

■ 

■ 

MANUSCRIPTS IN PREPARATION 

1 . Sriram Balasubramanian, J. Christopher Grimaldi, J. Fernando Bazan, Gerard Zurawski and 
Maureen Howard. "Structural and functional characterization of CD38: Identification of 
active site residues" 



PATENTS 

1 . "Methods for Eosinophil Depletion with Antibody to CCR3 Receptor" (US 6,207, 155 B 1) 

2. "Amplification Based Cloning Method." (US 6,607,899) 

3. Ashkenazi et al., "Secreted and Transmembrane Polypeptides and Nucleic Acids Encoding 
the Same." (mis patent covers seyend hundred^ genes) $ 

4. "IL-17 Homologous Polypeptides and Therapeutic Uses Thereof* 

■ 

5. 'Method of Diagnosing and Treating Cartilaginous Disorders." 



MEMBERSHIPS AND ACTIVITIES 

» 

Editor Frontiers in Bioscience 

Member DNAX Safety Committee 1991-1999 

Biological Safety Affairs Forum (BSAF) 1990-1991 
Environmental Law Foundation (ELF) 1990-1991 



o 



* • .-...n^,^,. vw.vw^^^^**^ 



O 




The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 



By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-lineage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eosinophilia. The 
chromosomal translocation t{5;14) (q31;q32) from this 
sample was cloned and studied at the molecular level. This 

* 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind HI/£coRI and £au3A restriction 
digests. The rearranged bands are less Intense than the other 
bands because the majority of cells In the sample represent normal 
bone marrow elements. 



translocation Joined the immunoglobulin heavy chain join- 
ing (Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophils. 
© 1989 by Grvno&Stratton, Inc. 
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protooncogenes, such as Ortnyc and 6c7-2. u In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation. 5,4 This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly, 
10 jig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrpphoresed on a 0.8% 
"agarose *g5l. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 

Genomic library. The genomic library was made using pub- 
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hshed methods. 5 Approximately 100 jig of high mol wt genomic 
DNA were partially digested with the Saul A restriction enzyme. 
Fragments from 9 to 23 kOobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 5 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Sequenase (United States Biochemical, Cleveland). 7 All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL. M 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD2Q) 
B4 (CD19), cALLA (CD10), HLA-DR, and terminai 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the lymphocytic lineage/ 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoKl Hindai Sstl t Sa«3A, and EcoKl plus HindlM 
restriction digests, suggesting rearrangement of one allele 
(Fig I). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the gennline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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growth-promoUng gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no 
4) was chosen for further study and a detailed restriction 
ffifip-WSS generated. The FcoRT, Wh^/Ecdkl 9 and &}i 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in gennline 
configuration. Previously, the gene encoding hematopoietic^ 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene. When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
Bsm\/Hpal fragment (Fig 2). The sequence of this frag, 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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3 A)- The break in the IgH gene occurred 2 bp upstream of 
the JM region. Between the two breaks, 25 bp of uncertain 
origin (putative N sequence) were inserted. 13 * 14 No sequences 
homologous to the immunoglobulin heptamer and nonamer 
could be identified in the IL-3 sequence (Fig 3B). Therefore, 
nucleic acid sequencing confirmed the juxtaposition of the 
IL-3 gene and the IgH gene. The sequence data clearly 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head- to-head). 

Available, data also allowed us to determine the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
to the centromere of chromosome 5 (Fig 4). The IgH gene is 
known to be positioned with the variable regions toward the 
telomere on chromosome 14q. W5 It has also been shown that 



GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
tional orientation. 16 Using this information and assuming a 
simple translocation event in our sample, we can conclude 
that the IL-3 gene is normally more centromeric, and the 
GM-CSF gene more telomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
translocation that appears to be a consistent'^ 
yet distinct, clinical form of acute leukemia. This transloca- 
tion joined the promotor of the IL-3 gene to the IgH gene. 
Except for the altered promotor, the IL-3 gene appeared 



A 5 1 GGTGACCA6GCTTCCCTGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCA o 0 
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5 • TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
3 ' ACCGGGGTCATCAGTTTCATCAGTGTAACA CCCTCCGGGGTAATTCCCCACG TGTTTTTGGA CTGAGAG 

++++++++++++++++++++++ 

5 1 TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
3 ' &rrr;nnCTrATrACTTTCATC ATCTCCATTAAGTAGTATCGACGCCTA ATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

5 ■ GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 
3 • CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT 



Fig 3. Sequence of t(6;14)(q31 ;q32) breakpoint region. (A) Nucleotide sequence of the BsttlV HpM fragment Indicated on Fig 2. 
Nucleotides 1 to 38 represent the Jh4 coding region underlined on the coding strand.* Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 is that of the germllne U.-3 gene.* The IL-3 TATA box (486). transcription start (615). and Initiation 
methionine (667) are underlined. Two proposed regulatory sequences In the promotor are marked by asterisks (positions 1 82 and 389). (B) 
Comparative sequence of the t(5;14)(q31;q32) breakpoint region. The lgJh4 region is shown with hs coding region, heptamer. and 
nonamer underlined. Clone no. 4 is shown with putative N region sequences underlined. The IL-3 sequence Is also shown. A plus sign (+) 
denotes the identical nucleotide between sequences. No heptamer or nonamer Is identified In the H-3 sequence. 
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Fig 4. Diagram of the translocation. The normal chromosome 
6q31 is shown with the GM-CSF gene telomerta to the IL-3 gene in 
the transcriptional orientation shown. On normal chromosome 
14q32 the Yh regions are telomeric. The t{5;14)(q31;q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP, breakpoint position. 
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intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 17 - 18 This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the c-myc gene in some cases of 
Burkitt's lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-Iineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor. 21 * 22 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor. 23 ' 24 
Because of the known effect of IL-3 on eosinophil differentia- 
tion;^eaefcnof high levete^f rL^Jby leWeMccelblnlght 
have a role in the eosinophilia in this type of leukemia. 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation. 1 ^ 14 This is supported by the break* 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on ehromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation. 2 * The 
interleukin-5 (IL-5) gene maps to chromosome 5q31* 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 

Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(5;14)(q31;q32) translocation from B-lineage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both, cases, this transloca- 
tion Joined the IgH gene and the interleukin-3 (IL-3) gene. In 
one, jmjpnt, excess IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
c-abh and omyc> that are-located adjacent to the 
translocation. 14 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q31;q32) transiocatkm. M Leukemic cells from 
.such patients have been positive for terminal deoxynucleotidy 1 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 3 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 

Samples and Southern blots. Case 1 has been described. 5 * 
Clinical features of Case 2 have been described in detail 3 DNA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoRl genomic IL-3 fragment, and an IL-3 
cDNA probe." 

Northern blots. RNA isolation and Northern blotting have been 
described. 9 Briefly, Northern blots were done by separating 9ug 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF)cDNA probe. 10 - 12 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAOOATCCGACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5 r -AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 pL containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCl 2 , 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-5 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IL-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 



16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk, CT). 13 

Sequencing. Sequencing was done by chain termination in M13 
vectors. 14 As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base pairs from a Sma I site at position 
-1240 (with respect to the proposed sitgof transcription initiation) 
to an Nhe I site at position - 642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos7 cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. 10 Briefly, the Hindm/ 
Sai l fragment containing the IL-3 gene was subcloncd from the 
previously described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TFJ bioassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF. 15 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing peniciuin and streptomycin. A25j*L volume of serial dilutions of 



m 


mm 




*T7 



was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well! 
giving a final cell concelteartion^f 1 x. 10* cells per weu\(Snal 
volume, 100 /iL). the plate was incubated for 48 hours. The 
remaining cell viability was determined metabolicalrv bv th* cnWi. 
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metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nm. ,( 

Cytokine immunoassays. These assays used rat monoclonal 
antwytoJdne antibodies (10 Kg/mL) to coat the wells of a PVC 
microtiter plate. The capture > antibodies used were BVD3-6G8, 
JES1-39D10, and BVD2-23B6, for the IL-3, 11^5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for n^5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immnnoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRPHabeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3 r azmo-bis-benztluazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Hin&Ul restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region ( Jh) probe, a rearranged fragment at approxi- 
. mately 14 kb was delected (dataoot shown). When re>robed 
with either of two different IL-3 probes, a rearranged 14 kb 



~ m,8ratin8 ™ th the r ««anged Jh fragment, was 
.denied When leukemic DNA was digested wiSX^S 

ph» W a rearranged Jh fragment was detected at ^kb 
The IL-3 probes also identified a comigrating fragment of 

SU^h?? Clperi , mentS ' 7nd5catol that the bukemic 
sample studied was clonal and that a single fragment 

IL - 3 ' suggest a^S- 

cation had occurred. 

im I°^ 1 Tf? Z l bCtter thej0inin K ofthe IL-3 gene and the 
^oglobulmheavy chain (IgH) gene, the polymera* 
chan, reason (PGR) was used to done the tmSSS? 
A Jh primer and an IL-3 primer were designed to nrodue««» 
amplified product in the event of a head-t hid 

Uon^Whde^ntrolDNAgavenorcR,^uct,Q^D?^ 
yidded a PCR-derived fragment of approximately 9gb to 
which was cloned and sequenced. * 
The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoSTof 
the IL-3 gene in a head-to-head configuration (F,g n 
^quence analysis indicated that the breakpoint on chromo-' 
some 14 was just upstream of the Jb.5 coding region The 
breakpomt on chromosome 5 occurred 934 bp upftream o? 
Ae putabve site of transcription initiation of L TL?££ 
Wsabj ^mined tha, t a putative N sequence of 17 b£w£ 

^ chr8moson * 5 and chromosome^! 

sequences during the translocation event. 17 " Figure 2 shows 
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Retotonshlp of chromosome B breakpoint, to the IL-3 gene. This figure show* the two dono* hr~>y~j-+- , 
normal IL-3 gone.*" On, breakpoint occurred at poshlon -«2 and the other « -Sl^ST ,,b ' ,tatato 
translation, resulted h, a head-to-head Joining of the IgH gene and tha IL-3 gene, leaving tha mRNA B ^L!? ° ircumstan< *»- the 
gen. mtect. Boxes denote the five U.-3 exone; restriction enzymes are (B) BamHI. <P) P^iiH) (SeSTS d«S ***** 
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the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not show). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown) . 1 9 *° 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either antj-IL-5 or anti^M-CSF^as consistent with the 
inability to measure these factors by immunoassay and 



Table 1. Peripheral Blood Counts and Growth Factor Levels 

at Different Times In Case 2 





■ 

11/16/83 


Sample Data 
1/16/84 


3/14/84 


Peripheral blood counts {cetls/uL) 








WBC 


81,800 


116,600 


12,300 


Lymphobtasts 


0 


33,785 


0 


Eosinophils 


46,626 


73,080 


616 


Serum growth factor levels (pg/mL) 






• 


IL-3 


' <444 


7,995 


1,051 


GM-CSF 


<16 


<15 


<16 


IL-5 


<60 


<60 


<60 



the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden. 3 No serum samples were available for a similar 
analysis of Case 1 . 

Abbreviation: WBC. white blood cells. 
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indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;l 4) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promoter associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product In this work, we have documented that this is true 
In addition, neither OM-CSF nor fL-5 arc* over-expressed by 
the leukemic cells. Furthermore, in one patient serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the EL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loo£ for IL-3 is important for the evolution of this 
leukemia. The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop, 
ine final proof of our thesis must await additional data In 
l>articular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophil* in these patients is mediated by the para- 

* n^i!^ ° f S*^* 1 % 3 ' interventions 
may Improve this aspect of the disease. Antibodies or' 2 

avEhT 1 ligandS l ° accom P lish *h«e goals may soon be 
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The c-erfeB~2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al, re who reported that oeriB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-eriB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfeB-2 activation, which has not been emphasized in 
recent reviews. ff » The molecular biology of the c«er&B-2 oncogene has been 
extensively reviewed 37 - 38 - 58 and will be discussed only briefly here. 
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BACKGROUND 

The c-erfeB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated tranirfbrming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. 8 - 73 - 7 *' 78 Th e 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
er&B. 33 ^ 76 HER-2 was isolated by screening a human genomic DNA library for 
homology with v-eriB." When the DNA sequences were determined subse- 
quently, c-erfcB-2, Zf£fl-2, and neu were found to represent the same gene. 
Recently; the c-er&B-2 oncogene also has been referred to as NGL. 

The c-erfoB-2 DNA is located on human chromosome 17q2F W3 « 68 and codes 
for c-erfeB-2 mRNA (4.6 kb), which translates c-crbB-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes. The c-eriB-2 
oncogene is homologous with, but not identical to t c-erbB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor rcccptor.^^Thc c- 
erbB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. 8 - 1 " Electron microscopy 
-Withja_polvclonal_aiitibody detects oerbB-2 imrounoreactivity on cytoplasm ic 
membranes of neoplasms, especially oh microvilli and the non-villous outer cell 
membrane. 61 In normal cells, immunohis tochemical reactivity for c-erfcB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border. 8 * 6 * 

There is experimental evidence that &erbB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c* 
erbB-2 protein pan transform a cell line into a malignant phenotype. 25 Also, 
when the neu oncogene contaifflh^afi activating point mutation is placed let 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 1 * 63 In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neu-transformed cell line, 86 -* 6 and immunization of mico with 
neu protein protects them from subsequent tumor challenge with the n*u~ 
transformed cell line. 14 Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy. 86 Farther 
review of this experimental evidence is beyond the scope of this article. 

The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of oer6B-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-erfeB-2 activation 
at multiple sites in the same patient, immmUi although <s«rfcB-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor. OT « aUOT 
Even more rarely, c-erbB-2 DN A amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 6 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-^rfcB-2 activa- 
tion, but only a few such cases have been studied. 11 -, 

r if 

a i * ■ . -i * 

* 

MECHANISMS OF c-ert>B-2 ACTIVATION 

The most common mechanism of c-erbB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erfeB-2 mRNA and 
protein. w.»M*» The c-erfeB-2 amplification may stabilize the overproduction of 
mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-er&B-2 amplification contain 2 to 40 times more c-erfcB-2 DNA* 3 and 4 to 
128 times more c-*rbB-2 mRNA 34 * 80 than found in normal tissue. Most human 
breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more c-erfoB-2 
DNA. IXimors with greater amplification tend to have greater overproduc- 
tion. "t®* 65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erfcB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism ofc-erfcB-2 activation is overproduc- 
tion of c-erfeB-2 mRNA and protein without amplification of oeriB-2 DNA* 81 
The quantities of mRNA and protein usually are less than those in amplified 
ease«^drma^appi^h thj^malt^ 

tissues. 17 .»» The c-er&B-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines. 47 

Other rare mechanisms of oeriB-2 activation have been reported. Translo- 
cations involving the c-*r&B-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic translocattons.^^HBMM a s?Qe point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea>« Hie mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. w« Although there has been specula- 
tion that some of the amplified c-erfeB-2 genes may contain point mutations, * 
none has been detected in primary human neoplasms. *wsi 

■ 

TECHNIQUES FOR DETECTING c-erfiB-2 ACTIVATION 

■ 

Detection of c-erbB-2 DNA Amplification 

Amplification of c-er&B-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a o-ertB-2 DNA probe. In both tech- 
niques, c-erf>B-2 amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-eriB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells* 81 Second, the c-er iB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide o- 
erfeB-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erfoB-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes, 5 ®' 80 with rare exception. 17 Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas. 3 

Amplification of c-erfeB-2 DNA was assessed by using the polymerase 
chain reaction (PGR) in one recent study, 32 Oligoprimers for the o-erfeB-2 gene 
and a control gene are added to the samples DNA, and PCR is performed. If 

c-6rbB-2 DNA is replicated preferentially. 

Detection of c-erbB-2 mRNA Overproduction 

Overproduction of c-erfcB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization. IJoth techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c4w*B-2 mRNA haspfeeen described in two recent 
abstracts. 

Overproduction of c-eriB-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-er&B-2 mRNA. Negative control probes are 
used, raw* Our experience indicates that these techniques are relatively insensi- 
tive for detecting c-er&B-2 mRNA overproduction in routinely processed tis-r 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of DNA and mRNA, in situ hybridization still 

is cumbersome and expensive (unpublished data). 

All of the above c-erfcR-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during the detection 
procedure, RNA can be degraded by RNase, a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in the tissue of interest need to be carefully 
selected. .j ** ? * 

Detection of c-erf>B-2 Protein Overproduction 

The most accurate methods for detecting c-erAB-2 protein overproduction are 
the Western blot method and immunopredpitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-erbB-2 protein. In 
Western blot studies, protein Is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-$rfcB-2, In immunopredpitation studies, antibodies against c-er6B- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology. IWo recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-arfcB-2 protein. ^ 
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Overproduction of o-crfcB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures, often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the c-erfcB-2 
protebr-brod-oir Westcro ^ 

studies should be interpreted with caution. 22 * 3 * 47 - 61 Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to c-erbB-2 (plSS). 3 *"* 80 
Second, tissue fixation contributes to variability between studies. For example, 
some antibodies detect c-eriB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive ceUs.* 1 * 8 * 
When Bouins fixative is used, jhere may.be a Jri^fi^percejitage of positive 
cases,* 1 Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for <x?riB-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose oerbB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-eri>B-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 64 

* 

* 

ACTIVATION OF c-erf>B-2 IN BREAST LESIONS 

■ 

Incidence of oerbB-2 Activation 

Most studies of c-erfcB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-eriB-2 DNA was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Iable 1), and 
oerfcB-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
'^r£>B-2 mRNA or protein overproduction ih 15 percent (88 of 604) of carcinomas 
that lacked c-erfcB-2 DNA amplification. 

The incidence of c-erbB-2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erAB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent oerbB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erfeB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erfeB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-er&B-2 activation, 40 * 54 ' 68 especially if larger cells are present. The greater fre- 
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quency of c-erfcB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal card- 
noina > which show e-*r6B-2 activation infrequently. Others have speculated 
that carcinoma in si tu with c-erbB -2 activation tends to regress or to lose c- 
er6B^2~activatron firing progression to invasion.^^Tnfiffi^g-^ TiT^ 
components of ductal carcinoma, however, usually are similar with respect to o- 
erbB-2 activation although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive than in in situ card- 
noma.*ww Activation of e-eriB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erfcB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
but may include other areas of carcinoma install* Overproduction okcs 
er&B-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate.® 

Activation of c-erfcB-2 has not been identified In benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for c-er*B-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently.^^ In normal breast tissue, o-eriB-2 DNA is 
diploid, and c-er&B-2 is expressed at lower levels than in activated tumors.^ 6 * 88 

These preliminary data suggest that c-erfeB-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c-erfeB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-erbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-erfoB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
oer*B-2, are unlikely to he mistaken for those of benign lesions. Activation of 



TABLE 2. gertgg ACTIVATION IN BENIGN HUMAN BREAST LfSIONS 



Histological Diagnosis 


c-erftB* DNA 
Amplification* 


*erbB-2 mRNA c«rl>B-2 Protein 
Overproduction Overproduction 


Fibrocystic disease 


071093 




0/32,» 0/9 w Q/8» 


Atypical ductal hyperplasia 






2(weak)/21« 


Benign ductal hyperplasia 






1 (cytoplasmic)/^ 39 






0/12" 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/1 6 « 0/6 w 


0/6 » 0/3* 


0/21 1 » 0/10" 




0/2," 0/1 91 




0/8,» 0/3« 


Radial scare 








Blunt dud adenosis 






0/1 4» 


"Breast mastoels" 




0/3 35 




"Shown aa number of cases wim activation/number of caj 


>63 studied; reference 


Is given as a superscript 
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c-erfeB-2, however, does fevor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful. 

Correlation of c-erbB-2 Activation With Pathologic Prognostic Factors 

Multiple stu dies have attempted to c orrelat e c-eriB-2 activation with various 
"pathologic prognostic Sctore (Table 3). Activation of c-erbbr'l was correlated^ 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with cserfcB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic factors and may correlate with c-erfcB-2 activation.* 7 

Correlation of c-erbB-2 Activation With Clinical^ Prognostic Factsr 8 

Various studies have attempted also to correlate c-eriB-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of c-erbB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-erfrB-2 activation, and, in the rest of the reports, c- 
er&B-2 activation was associated with either younger or older ages. 

Correlation of c-er*B-2 Activation With Patient Outcome 

Slamon et al™-« first showed that amplification of the c-erhB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that oerbB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis, 79 81 

A large number of subsequent studies also attempted to correlate c-er&B-2 
activation with prognosis CE&le 5). In 12 series, there was a correlation be- 
tween oerbB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erfcB-2 activation was reported to be 
independent of cither prognostic factor&Jn contrast, 18 series did not confirm 
the correlation of c-erfcB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erfcB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-er&B-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfcB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c~er&B-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE & CORRELATION OP c-erbM ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 

Number of Patients 



Type of 

-c-er&B-2 - 
Activation* Total 



With 
Metastasth to 

— Axtttorf~~ 
Lymph Hodei 



No 



Statistical 



<0.05 


DNA 


178 


■ 


M 


87 


<0.05 


DNA 


61 




U 


50 


<aos 


DNA 


57 




* 

u 


65 


<0.05 


DNA 


41 

w 




1 

u 


93 
65 


<aos 


mRNA 


& 


> 


u 


<0.05 


Protein t-r- A r. 


102 


* 


M 


10V 


<0.05 


DNA 




345 


M 


81 


<0.05 


DNA 




120 


U 


17 


<0.05 


DNA 




91 


u 


87 


<0.Q5 


DNA 




86 


M 


79 


<0.05 


ProtelivWB 




350 

* 


M 


85 


<0.05 


Protein 




ftp AA 


U 


101 


0.05-0.15 


DNA 


57 




U 


111 


0.05-0.15 


Protein 


189 




M 


92 


0.05-0.15 


Protein 




120 


. * 

U 


66 


>0.15 


DNA 


130 




U 


113 


>0.15 


DNA 


122 




M 


4 


>0,15 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




u 


50 


>0.15 


Protein 


290 




M 


86 


>0.15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




u 


39 


>0.15 


Protein 




137 


u 


17 


>0,15 


DNA 




181 


M 


81 


>ais 


DNA — 




•* - 159 «*. 


u 


ft * 


>ai6 


DNA 




73 


u 


87 


>0.15 


Protein- WB 




378 


u 


85 


>0.15 


Proteln-WB 




192 


u 


17 


>0.15 


Protein 




141 

* 


u 


88 


>0.15 


Protein 


* 


41 


u 


40 



. _ - Z — " lM, " w ,BW, ™ | w <■» survival or oouv uonwauon between o- 

cr©&-2 activation and a poorer patient outcome is statically slgnfflcant at <o.05. Is of equivocal stanWcanee 
al 0.06 to 0.15, and la not significant at >0.16. 

''Shown as variable measured. Letters "WB" indicate assay by Western blot; the other protein studies used 
fmmunohistocharnlcaJ methods. 

C M a muHlvarlate statistical analysis; U » univariate statistical analysis. 
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%Qftumomwlth 
lymph node 
metastasis In 
each study 



70- 



60- 



60- 



40- 



71 (DNA)» 



61 (DNA)» 
69 (DNA)* 

setProteto) 1 " 



64(DNA)^ 



42(Protein)* 



P<0.05 



64{mflNA)» 
61(DNA)« 



58{DNA)* 
57 (DNA)«» 

48(Prolein)" 
46(Prolein)* 




P>0:15 



0.05<P<0.15 

P for correlation of c-ert>B-2 activation wfth pafient outcome. " 
^o^lEf"*^! 85 * * broast cafdnOT w with metastasis b compared with the oarmtaBon between o. 

pat^ whether or not tf^ ha^ 
are the types of c*rt>B-2 activation. P values are Interpreted as in Tabte 3. Parsnthese. 



■ 

A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-er6B-2 activation is infrequent in lobular carcinoma, studies that combine 
inWtrating ductal and lobular carcinomas may dilute the prognostic effect ofc- 
erbB-2 activation in dujtfal tumors, In addition, most studies do not analyze 
taJtammatory breast carcinoma separately. This condition frequently shows c- 
ereB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erf>B-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. "too recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-erfcB-2 overexpression predicted early 
recurrence. l„ patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-*rfeB-2 activation. 4 "! 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with cn.rfcB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-er*B-2 activa- 
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tion and poor patient outcome measure c^riB-2 DNA amplification fable 5) 
and breast carcinoma patients with greater ampliation of c-erfcB-2 may have 

r^rr 1381 Bec r studics w ** ^ 

tic power than overproduction,™." but the clinical significance of ierbte 
overpmducdon without DNA amplification deserves fiXr reseLS.^ Few 

overproduction and many studies of c-erfcB-2 protein overproduction use W 

*2 iSwE* raethods such 88 ^es asfc 

■ 

Other oncogenes that may have prognostic implications inhuman breast cancer 
are revxewed elsewhere .*» This section will he restricted to a common 
between the clinical relevance ofcerfcB-2 and these other oncogen^ 

tm„ 2? gC , ne iS ^ acUVBted m ***** ««cinomas, but c-roye activa- 
tion general* has less prognostic importance than c-erfeB-2 activation ^Hmo 
One study found a correlation between increased mRNAs of o-erbB-2 and c 
myc, although other reports have not confirmed this.**" Subsequent research 
however, could demonstrate a subset of breast carcinomas in wS *mTht 
more prognostic importance than c-erbB-2. 

The gene c-erfcB-1 for the epidermal growth factor receptor (EGFR) is 

^ * ^PHfted in break c-LJii 

Overproduction of EGFR, however, occurs more frequently than amplification 

y 7^5,^* P °° r pn>gn0SiS - In studies 11131 have ^^ed both » 
er&B-2 and EGFR in the same tumor, c-criB-2 has a stronger correlation with 

poor prognostic factors *" Studies have tended to show no correlation between 

amplification of c-er&B-2 and c-er&B-l or overproduction of c-er&B-2 and EGFR. 

mttlSZS- n IeCUlar l6Vel EGFR med,ates PHosphorylation of e*riB-S 
protein.«.«.«.«.i» Recent reviews describe EGFR in breast carcinoma. «w 

w jr neS , A d f arwl 816 homol °B<«« to the thyroid hormone recep- 
tor, and they allocated adjacent. ttfc^feB* on chromosome 17,These genes 
are frequently coamplifled with c-ertB-2 in breast carcinomas. The absence of 

w olT^ 011 ^ carcmomas > h <™ e ver, is evidence against an impor- 
tant role for this gene m breast neoplasia" Amplification of c-erbB-2 can occur 

r^l /T 1 ampli ?f a ^ 0n ,' wd *«» *»™» ^e a decreased survival that is 

£ri£ ?a5T « °*? M and eaf " 1 ^iiflcation." Consequendy, 

c-erfcB-2 amplification seems to be more important than amplification of c*rbA 

M . 0ther g !" es 11150 ^ ve teeix compared with cer&B-2 activation in breast 
o IpmT^' °T e stu(J y found a significant correlation between increased c-erfcB- 
Ld^l^^T 6 ? mRNAs , of >> Platelet-derived growth factor chain A, 
W.7" i Allelic-deletion of c-Ha-r« may indicate a poorer prognosis in 
breast carcinoma* but it has not been compared with cerfeB^acttvation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes 

■ 
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ACTIVATION OF c-erfcB-2 IN NON-MAMMARY TISSUES 

Incidence of c-ert>B-2 Activation In Non-Mammary Tissues 

Table 7 summarizes the normal tissues in which oer&B-2 expression has been 

with immunohistochemical methods using polyclonal anti- 




TABLE 7. PRESENCE OR ABSENCE OF *er*&* mRNA OR oerbM PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
oerbB-2 
mRNA 



Skin* 



Stomach 2 * 

Jejunum 24 

Colon* 

Kidney* 



Uver* 



Lung* 



Felal brain" 

Thyroid 1 
Uterus 8 * 



Placenta 24 



Tissues Producing 
c-e/fcB-2 Protein* 



Tissues Lacking 
oertoMmRNA 



Tissues Lacking 
c»«rt>B-2 Protein 



Epidermis 50 
External root sheath* 
Eccrlne sweat gland 58 

Felal oral mucosa 6 * 
Fetal esophagus 62 
Stomachal 
FetaJ lntesttno«* 

SmaD intestine 22 * 2 
Colon 22 * 63 
Fetal kidney** 

Fetal proximal tubule 0 
Distal tubule" 
Fetal collecting duct* 2 
Fetal renal pelvis" 
Fetal ureter" 

Hepatocytes 22 
Pancreatic acini" 
Pancreatic ducts**" 
Endocrine cells of islets 
ot Langertians* 2 

Fetal trachea". 
Fetal bronchioles" — 
Bronchioles" 



Fetal ganglion ceils" 



Ovary" 

Blood vessels 42 



■»:w k 



Kidneys"* 



Postnatal oral mucosa" 
Postnatal esophagus" 



Glomerulus^ 

Postnatal Bowman's capsule" 
Postnatal proximal tubule" 

Postnatal collecting duct" 
Postnatal renal pelvis" 
Postnatal fetal ureter" 

Uver"* 85 



Pancreatfo Islets" 

Postnatal trachea" 
Postnatal bronchioles" 

Postnatal alveoli" 9 * 

Postnatal brain" 
Postnatal ganglion cells" 



Endothelium" 

Adrenocortical cells" 
Postnatal thymus" 
Fibroblasts" 
Smooth muscle cells" 
Cardlao muscle celts" 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipitaHon or 
Western or RNA blots. Production of.c^B-2 has been identified in normal 
^ Pithehum of the g astrointestinal tract a nd skin. Discrepancies regarding c- 
erbB-2 protein in other tissues could be due, at least In part, to differences in 
techniques. 

The data on c-*roB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpresston of other genes, although this has not 
'■ been documented for c-erbB-2. ' '"~ "** » • • 

ified in 32 percent (64 of 203) of 
ovarian carcinomas to eight studies (TVible 8). One abstract" stated that ovarian 
carctoomas contained significantly more c-erfcB-2 protein than ovarian non- 
epithelial malignancies. Another report" showed that 12 percent of ovarian 
carcinomas had c-er6B-2 overproduction without amplification. 

Activation of c-erfcB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, Including 33 percent (21 of 64) of 



TABLES. c-ereB-a ACTIVATION IN HUMAN GYNECOLOGIC TUMORS' 



c-er©B-2 DNA 
Amplification 


c-er6B-2 
mRNA 
Over* 
production 


c~oroB-2 

Protein 
Over- 
production 


31/120," 1/1 1 f w 
0/5,*" 0/5, M 0/3,i» 


23/67" 


2073,1* 
36772* 


2/7,™ V7jn Q/B» 

■ 


• 




1/2, 1 «>0/1« 




• 


(V2 f i«0/1» 






0/2* 






0/178 
















^^^^^ 


OK* 






on 1 * 






0/1* 






0/4 m (vino 







Tumor Type 

Ovary— carcinoma, not otherwise 
specified 

Ovary-serous (papillary) carcinoma 
*Ovary— endometrioid carcinoma^ «■ 
Ovary— mucinous carcinoma 
Ovary— clear cell carcinoma 
Ovary— mixed epithelial carcinoma 
Ovary— endometrioid borderline tumor 
Ovary— mucinous borderline tumor 
Ovary— serous cystadenoma 
Ovary— mucinous cystadenoma 
Ovary— sclerosing stromal tumor 
Ovary— flbrothecoma 
Uterus— endometrial adenocarcinoma 

f^^!^^^ With amplltlcatlon overproductlonytotal number of cases studied; reference h 
liven as superscript All protein studios ti*nH immnMhtoiA M kii M .i M i 
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t ?2^S.5 t* f btyPeS Bnd 9 J*"** < 4 of 47 > rf w "IP"* ring cell 
subtypes (Table 9). Activation of o-erfcB-2 has been detected in 2 percent (6 of 

S °J ^0^. although an additional irhmunohirtochemical 

study detected protein in seven of eight tissues fixed in Bouins solu- 

tion. One study found greater immunohistochenjical reactivity for WiB-2 

" m Am " e ™ > te adBnomatous Hy ps-than jB4he-adjaceBt-noftnal^epitheaure f - 



fixative. Lesions with anaplastic features _ 

sl \ e T5 c ^ clnoma tended to stow decreased iramunohistochemic^eacdWty for ^ 
22? /25it" Hepatocellular ^omas (12 of 14 cases) and choriocarci- 
nomas (46 of 63 cases) reacted with antibodies against <h»*B-2 in one study, but 
some of these positive cases showed only diffiise cytoplasmic staining, which 



TABLE ft c-e/DB-2 ACTIVATION IN HUMAN GASTROINTESTINAL TUMORS* 



Tumor Type 

Esophagus— squamous cell carcinoma 
Stomach— carcinoma, poorly differentiated 
Stomach— adenocarcinoma 

■ 

» * ■ 

Stomacrv-cardnoma, intestinal or tubular type 
Stomach— carcinoma, diffuse or signet ring ceil type 
Colorectum — carcinoma 



Colon— villous adenoma 
Colon— tubutovijlous adenoma 
Colon— tubular adenoma 
Colon— hyperplastic polyp 
intestine — letorrryosar^oma 
Hepatocellular carcinoma -~ * 
Hepatoblastoma 
Choriocarcinoma 
Pancreas— adenocarcinoma 
Pancreas — acinar carcinoma 
Pancreas— clear cell cardnoma 
Pancreas— large ceil carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



C-ertB-2 DNA 

Amplification 



c-erfrB-2 

Protein 
Over- 
production 



on w 


OH" 


Q/ggtoa 






4/27»3/10« 


2/8,W(V1io9 


5/10<» 


16/54*> 


0/21CS 


4/45» 


2/49.M 1/45,"* 


1/22»7/8»> 


1/45, 07 1/45 ( flo 




0/40," 0/32, 107 0/3* 




0/1W 


+ 


0/5*> 




0/7» 


19/1 g» 


0/1* 






0/1W 


0/12 111 ^ 


12/14?»fl/iw 


0/1 w 


* 




46/63" 




2/B0< 1 ° Q/2 61 




0/1* 




0/2" 


■ 


0/3* 




Q/1«' 




0/14** 



crtven u 1 T , V ^ r ^ oauc ^ of studied; reference Is 

imRHA. UBedlmmunohfetochem^ methods. No studies analyzed for che/p* 

issues fixed In Bouln'e solution. 

'Only cases with distinct membrane staining are Interpreted as showing oert>&* overproduction. 
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TABLE 10, ch^B-2 ACTIVATION IN HUMAN PULMONARY TUMORS* 



Tumor Typ o 

Non-small cell carcinoma 

■ 

-EpWefrrold-cardnomar- 
Adenocardnoma 
Urge ceil carcinoma 
Small cell carcinoma 
Carcinoid tumor 



o*r*B-2DNA 
Amplificat ion 

2/60,» 0/60« 

0/21 « 1/13,» 077,*" 0/7,^ 0/3W 
Q/9«IV6» 



c-erbB-2 
Protein 
Overproduction 

1/84» 



3/6» 
4/12* 



an 



0/26, » 0/3* 
0/3» 



6upen«ifpt AD protein studies used Immunc^Wochemtea) methods. No studies mS^dfm!^ 



does not Indicate c-er&B-2 activation in breast neoplasms « Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
cnemical reactivity for o-erbB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining." 

Tables 10 through 14 summarize the studies of e-er&B-2 activation in other 
neoplasms. The o-eriB-2 oncogene is not activated in most of these tumors. 
Activation of c-ariB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report* 
found e-er6B-2 protein overproduction in 41 percent (7 of 17). Renal cell card- 
nomahad c-erfcB-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-er&B-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion » Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-«r£»B-2 protein, but it is not clear 

TABLE 11. o-ertoB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



• 

oerfcMDNA ^ 
Amplification 


o-ert>B-2 
production 


c-erfcB-2 
Prolelft 
Over- 
production 


G/23"i 


• 




0/9 w Q/3107 


0/1i 


0/1 5" 


0/14*7 




• 


0/1 w 






G73 107 






0/1 8 s7 




* 


0/6*07 


■ 




0/8"" 




• 









Tumor Typo 

Hematologic malignancies 
Malignant lymphoma 
Acute leukemia 
Acute lymphoblastic leukemia 
Acute myeloblasts leukemia 
Chronic leukemia 
Chronic lymphocytic leukemia 
Chronic myelogenous leukemia 
MyeioprotHeratlve disorder 

^wn as number d case* with amplification (or ciNmrproducfionVtolal number of cases studied; reference Is 
Qfcen as superscript. All protein studies used Jmmufwhlstoohemteai methods. 
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TABLE 12. oeroB-2 ACTIVATION IN HUMAN TUMORS OP SOFT TISSUE AND BONE* 



Tumor Type 
Sarcoma 

Malignant fibrous histiocytoma 
Uposarcoma 
Pleomorphic sarcoma 
Rhabdomyosarcoma 
Osteogenio sarcoma 
Chondrosarcoma 
Ewtng*s sarcoma 
Schwannoma 



c-erbB-2 DNA 

Amplification 

0/10,1110/8" 

0/1 107 
O^ior 

on 107 

0/1 w 

0/2, Q/237 
0/1 107 
0/1» 
(V1<* 



•Shwm as nuriber of eases with amplification (or ovwpmdudlonytotil number of cases stated- reference is 
fltren as superscript No studies analyzed tor c^MM mRNA or UrbB4 pn**, b 

whether the protein level is Increased over that of normal sldh.» Thyroid 
caranomas and adenomas can have low levels of increased o-erbB-2 mRNA 
One abstract, described low-level c-«r6B-2 DNA amplification in one of ten 
salivary gland pleomorphic adenomas. 48 

* 

Correlation of c-effcB-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-erfeB-2 activation in non- 
mammary tumors with outcome, Slamon et al« showed that c-er*B-2 ampMca- 
tion or overexpression in ovarian carcinomas correlates with decreased survival 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. " One abstract stated that o-erAB-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval.™ Another ab S ftactdescribed^ tendency *r hnmunohfcto. 



TABLE 13. c-erbB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT* 



Tumor Type 



Kidney— renal cell carcinoma 
Wilms' tumor 

Prostate— adenocarcinoma 
Urinary bladder—carcinoma 



c-erfcB-2 DNA 
Amplification 



1/5,^1/4,107 Q/584 

0/457 



o-erbB-2 
mRNA 
Over* 
production 



c-erbB-2 
Protein 
Over- 
production 



0/16 10 « 



0/23 59 
1/48* 



Sll^^ (0f w ^roduclIon)rto1al number of casea studied; mtarence Is 
given as superscript. All protein studies used ImmunohlstochernicaJ methods. 
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TABLE 14 c-orfrB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS- 



Tumor Type 



DMA 
Amplification 



c-er6B-2 mRNA 
Overproduction 




— Skln^mallgnantmelanoma- - 
Skin, head and neck — squamous 
cefl carcinoma 

Site not stated— squamous cell 
carcinoma 

Salivary gland-adwiocarclnoma 
Parotid gland— adenoW cystic 
carcinoma 

~ ThyroW^raplastlooafclnorr^ 
Thyroid—papillary carcinoma 
Thyroid— adenocarcinoma 
Thyroid—adenoma 
Neuroblastoma 
Meningioma 



' • —I * MI 



Q/7W 



Q/8» QtZ* 



1/1 



0/V 
0/5 1 

(V2i 

0/2* 



3(k>w levete)/5i 

^^^^^^ 

1 (low levels^ 



Protein 
Over* 
production 



QTIW 




protein to correlate with higher grade 
tatjc adenocarcinoma." Additional prognostic studies of ovarian c*rcm, 
other neoplasms are needed. 



SUMMARY 



™ST£?i5 ^ W 0 1 COgBne «* «»» * amplification of c-eroB-2 

° Ve f "ft"* 0 " mRNA «md protein. A™i 

Sir^jf c P ? r pr0gnOSis » Patients with metastasb to 

axmary lymph nodes. Studies that have attempted to correlate c-aroB-2 u*» 
hon w,th other prognostic factors in breast carcinoma have reported conflict™ 
conclustons The pathologic and clinical significance of c-erto-2 acSTfo 
other neoplasms is unclear and should be assessed by additional studies 
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fSfJ* 8 ™ 1 IP" ©r chromosomal material is characteristic 
<£»°™£ <*ncer, »weB as maj^imnt transformation In 

™ c ** to " ^ lrans,attw » «»vah b at pfSsent unknown 
EJJ*?*^ to*"^ IinHatlons.HoroWelS^ 
an^ES^" 58 * te ^ es0wto PaJ«» of noninvasive 

22JS?l^ ,, ^ u * ,d oomimratlvo genomic hybrid 

J^hanscri^tawto (5600 genes), and high resolution 
J*™"*"?^ eteotrophoresls the results showed 
*» « Sens dosage effect mat in soma eases' 
«»eftnposes on other regulatory mechanisms. This ef- 

^ifer** 1 £ 0,1 •*» m aflili!ll9l» of the com- 

pa^genomlo hyr^dtzafJon change. In general (18 of 

5SKho«S7c^^ ^ ^j** 1 

«»uwm wowea a corresponding Increase in mRNA tran- 

J^J!* 58 ^ ^ ™ the otlwr hand, 
showed either reduced or unaltered transcript leveteBe- 

cause most proteins resolved by two-dimensional gels 

SSSTHS ^ w *P OS3ibte to compare mRNA and 
protein alterations In relatively tew cases of well focused 

eeT^T*^* ««*»*ton3 wefound a%ood 
^ 6 !5 on ^ < 3 00 f) between transcript alterations and 

J 1 * lm i 5ncat,on8 ' *» «» BmHattons, 
orme approach are discussed. Molecular A Cellular 
$ofeomfes f ."^7-4^ apca 
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pnenomenon at both the transcription and translation Jevela. 
High throughput array studies of the breast cancer con Una 
BT474 has suggested that there Is a correlation between 
DNA copy numbers and gene expression m highly amplified 
areas and studies of Individual ger»s m soBd tJZJa 
haw revealed a goottcbteelatlon between gene dose and 
mRNA or protein levels In the case of o-erb-82, cycj»» eft 
emsf ; and N-myo However, a high cyciln D1 protein 
expression has been observed without slmulteheoua anv 
DBftoatton (4), and a low level of c-myc copy number In- 
Jrease was observed without conconiltam o^ protem 
overexpresslon (6). ^ * 

JSjZSS^ *» sfte 

ryteKflzatfen, and comparative genomic hybridization (OGH) 1 
have revealed chromosomal aberrations teat seem to he 
chanKterlsHc of certain stages of disease pfogresston. bi tho 
ease noninvasive pTa temsfflo^ 
this Includes loss of chromosome 9 or parts of it, aa weB as 
loss of Y In males. In minimally Invasive pT1 TCCs, the fof- 
lowing alterations have been reported: 2q-, 11 P - 1q+ 
11q13+. 17q+. and 20q+ (7-12). „ has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal area3 Involved often 
oontein many genes, making meantegfut predictions of the 
! cooseoMences of tosses ar^ gates very dHflcutt, 
In this trwestigation w&have combined gebcWwIdetech- 
nology for detecting genomic gains and losses (COM with 
gene expression profiling techniques (mksroatrays end pn> 
teomlcs) to determine tee effect of gene copy number on 
transcript and protein levels in pairs of noninvasive and bv 
vastve human ' ■ • — - 



EXPERIMENTAL PROCEDURES 



ftfamaz-Kadder tumor biopsies, were sampled after informed 
consent was obtained and after removal of tissue for routine pathol* 
fa^r«tt«vBy light microscopy tumors 335 and Kern 
staged by an experienced pathologist aa pTa (superficia papfflary^ 

f^^^Z^^'-^ com P araUv * Oeoon* hybrid. 
^^n^^^^^ f ^^toss<rfhetarozy»^ 

t ^SL^ 3 ' aMdd fatty -^^^SIS 




by tea American Sod* for Btocr*rriary ,,«. 
Tnla paper to avaDabit on Una at httpc//wwwjncponllne.org 
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«^«^ t^SSJSS^T^^^ P^ofllea, gem location and 

compared win, the norHnvasfce counterpart tu^rmB^^^J^TS^ *u T* 35 * 00 ^ mR W" tumor 733 as 

counterpart tumor 532. The averageZ^^XL ratto bet^^L?^^^^,t 827 com * >ared ^th the norHnvasfce 
l*eft). The tow curve h the raUoX>fiM^^^ntea me™ Trf^S^** DNA 13 shown along the k^<rftnochromo^ne 
Rattan. The centra/ vertl^^S^^^ ^JTZ^Z ^ ^ 

0-5 <fe«) and 2.0 frfcM). h^romo^tnee wheretf»noiXSa^ ta^&^A^£2!L" s,i !? ^ ^ ««> * Indicate a ratio of 

P^ofttutfchromosoimlBshrjwntothei^o^ 

running numbers abow the bars (the namT<X ^SSV^^S^rS^ 90,19 «**• oy^» 

ihe gane, and the cofora Indicate tt» expreM^la™^^! «^ ^^^ &,afaJltnlft - 11,9 ^ «*• puiported locafloo of 

tncreasa fbfeeftl >2-lc4d deereaao^S^™^!^, 5? Jnvaalve tumor compered wtth the noninvasive oour^ma*>^tev« 

^W-ated ortSr^hZ^^^^ 

another, B was re^rcted a» mora than a 2-fokt ctiarvw. a ahser* In *no of the samplea and preseRTIrf" 



^1 ar^ia, re^ectfvaly, temora 733 and 827 were staged aa pT1 
Onvadve Into ^bmucowj. 733 wee staged ae eoOd. and827 was 
staged as papillary, both grade III. 

>JH ftAM u^2? a ?^"~' ns5Ue Wopetea. obtained fresh from surgery, 
werej imbedded Immediately fri a sodlurn-guanldlnlum thfocyanate 

rLfilZS, ~ M ^^^^ isolated 
RHJmI B RNA Isolation method (WAK-Chemle Medical QMBH). 

c^ftepanstfon-1 pg of mRNA was used as starting material. 
a^^l S !f^ S,ran<1 cDNA 6yT,tf,esi8 ^ P«f«med using the 

^2!f^, t ^_ b ^ USbfl 3,1 l*™ containing aT7 RNA 

^Hfl , r ^ 8l ' a ! flbeJ8d ^ using the ME. 

OAacflp* At wtro transcription kft (Ambton). BtoUrvlabeled CTP and 



* 

UTP (Enzo) was used, together with unlabeled NTTPs In the reactJon_ 

' iranecriptton reaction, the urtncori)eratedS 
cte f^,^ J^nwed using RNeaay columns (C8agenl 

Aray Wybrfcfeatton and Scannlng-Arrav hybridization and scan, 
rung was rrxxfided from a prevfoua method (13V. 10 un of cRMA m. 

^Tf^ ^IP 35 roln h ^ oontawn^ 40 nS t5 
acetete. pH 8.1 ,1 00 rm KOAo, 30 mw MgOAc Prior toVridtetloiv 

^fragme^cr^maexaSPE-trrybri^^ 

T^P" W»59<> Triton), was heated to 95^ ferVnS 

anay ca^ge. The probe array was then Incubated for 18 h at 4o£ 
at censtant reMtan (SO rpml The probe array was exposed to 10 

l^-,^^ Unyta,8d ^ stained with a strW^ 
phycoorythrln conjugate, 10 MgAnl (Molecular Probes) In e7£epE-T 
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for^mlnat25\;fbaow8^ 

^©arrays were scanned a! 560 ran using a corifbca! laser scanrtfng 
expression analysis software. 

^ftysaiaffito Ana^-MtaosateEta Analyst was performed as 
<wwtoed previously (M). Mtaosatettea were selected by use of 

and primer sequerices^ob. 
Wnjed torn the genome data base at ww^,9db,oi9.DNAv^ extracted 
from tumor and blood and wnp^bylX»havoli«ieof20|ilfar35 
c^lea^anp^ 

AOPrfern 377. Data wens collected m the Gene Scan pro-am far 
&agmertajiaiy$&U>^ 

of one aOete detected si tumor amplkx)r» compaiBd bto^ 

Ftoteomtc Anafrsfe-TCCa were minced Into smaJ pieces and 
homogenized In a small glass bomogenber In 0.5 ml of lysis solution. 
Samples were stored a* -20 *C until use. The procedure for 2D get 
electrophoresis has been described In detail elsewhere (15, 16). Gels 
wem stained with sOver nitrate anoVor Coorfossle Bd^ Blue* Pro- 
tefrjajwre Identified by a combination of procedures that Included 

epectrcmeriy, twp^enskmaJ get Western 

Jnmunoblota^ 

human kera^ 
^TO«-Hybi1dl2aik>nofdffen3nti 

to normal metaphase chromosomes was performed as described 
PWk>us!yOO).Ruc*es^ 



labeled reference DNA (200 ngj, and human Cot-1 DNA (20 ttoj worn 
denatured at ,37 «C for 5 mln and applied to denatured rttrmai rr^ 
aphase sOo^ Hybrldbratkm at ^ 
the s*oH»a war* coumerstaaied with 

******* ******** <M»labeRr^to confi«ithe 
a^atoie detected during the Inmaltybilc&atfon. Each CGH a»- 
pertment also tocfcjded a normal control hybridization using fajoree-' 
ce*> and Texas ReoMaJbei^ 

used to Identify chrcmosorrtaJ regions with abnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
graenjred fluorescence Intensity ratio profBea were calculated using 
°* cnf, omc)some (eight chromosomes totaO with 
normateatfon of the gresraed fluorescence Intensity ratio** the 
entire metaphase and background correction. Chromosorne IdentirV 
cation was performed based on 4.0<llamlo^2^enyfindoie band- 
Ing patterns. Only Images showing uniform high fctensfty ffuonss- 
cence with minimal background staMng were analyzed. AS 
centromeres, p arms of acrocentric chromosomes, and heterochro* 
malic regions were exduded from the analysis- 

RESULTS 

Comparative Genomic Hybftteatton-lhs CQH analysis 
Identified a number, of chromosomal aains* and losses in «^ 
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Table I 



Qxrebtton between anenx^ 

tndeperKtent variable (gexpressto * H ^ aon 



CGH alterations 

* 

13Qah 



... * 



TUrnor733 ys.335 
Expression change dusters 

10 Up-tegutetfon 

0 DowrvreguJatJon 

3 No change 

1 Up-regulatfon 
S Powrvregulatton 

4 No change 



Concordance 
77% 

60% 



CGH alterations 
10 Gain 

12 Loss 



TWriOf 827 V8,532 
Expression change dusters 

8 Up-regulatJon 

0 OowrHsgulatJon 

2 No change 

3 Up-regulafion 
2 Down regulation 
7 No change — ' • 



Concordance 
17% 



Expresston change ciustem 



TUmof 733 vs. 335 



COH attaratkxtt 
16 Up-regutafion ttOato 



Concordance Expression change qiusters 




21 Dowiwegtdation 



15 No change 



2 Lose * 

3 No change 
I Gain 

3 Lose 

12 No change 
3 Geirr; 
3 Loss 
9 No change 



69% 



33% 



60% 



17 Up-iegulatfon 



Otafyrwegulafflon 



21 No change 



TUrnor 827 vs. 532 

CGH alterati ons 

lOGabi 
Sloes 

2 No change 
OGalt* 

3 Lose 
6 No change 
1 Safe) — 
3 Loss 

17 No change 



69* 



339* 



81% 



two invasive tumors (stage pT1,TC(»^ ami 8?7)» whereas 
the two noninvasive papillomas {stage pTa, TCC* 335 end 
532) showed onry 9p-, 9q22-q33-, and and 7+ r 9q-, 

*oi Y- osqectively. BoA tay^ tum^ shows* change 

flq22-24+, 2q14.1-qter-, 3q12-«rl3.3-, 6q12-q22- f 
9q34+, 11q12<rl3+, 17+ t and 20q11£-qt2+) that are typ- 
ical far their disease stage, as well as additional alterations, 
some -of which are shown In Ftg. 1. Areas with gains and 
losses deviated from the normaJ copy number to some extent, 
and theaverage numerical deviation from normal was 0,4-fold 
In the case of TCC 733 and 03-fekt far TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 In TCC 733 (Fig. 1A) and 
20q12ln7CC827(Flg,1B), 

mRNA eqmsatan In Ratatkx) to DNA Copy Number 
mBNAJevela from the two Irivaslv^Jurj^jl^ 827 and 
! *33i were compared^ wfth the two norHrrvaefve counterparts 
{TCCs 532 and 336). TWs was done In two separate experi- 
ments In which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
proximately 1^00 genes that yielded a signal on the arrays 
were searched In the Urdgene and Qenernap data bases far 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way It was possible to construct a graphic presentation of 
ONA copy number and relative mRNA levels along the Indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level In 
the Invasive versus the non-Invasive counterpart Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio* and only differences larger 



than 2-foW were regarded as Wbrrnatrve (F^. 1). The den^y 
of genes along the chromosomes varied, and arras contain- 
ing only one gene were excluded from the catenations. The 
rsseWor) of the QGH method Is very ^ and some of the 
outiter dafc may be because of the fact that tr» bcairwlartes of 
the chromosomal aberrations are rKrtknow^ 

Two seta of calculations were made from the data, Fbr the 
first set we used CGH alterations as the Independent variable 
and estimated the frequency of expression alterations In these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
Increased mRNA expression. For example, poth chromo- 
somes 1 q21 -q25> 2p and 9q, showed a relative gain of more 
than 100% tn DNA copy number that was accompanied by 
Increased mRNA e>qpression levels ^ 
1). In most cases, ohromosqrr^ 

accompanied fay an increased level of transcripts In both 
TCCs 733 (77%) and 827 (80%) (Table I, top}. Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression In several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The habl* 
tty to detect RNA expression charges In these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
alterations above 2-fold as the Independent variable and es- 
timated the frequency of CGH alterations tn these areas. As 
above, we found that Increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected in areas with unaltered CGH ratios (Table I, bottom). 
Furthermore, as a control we looked at areas with no alter- 
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44 
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°~cwo mi detected 

Tumor 827 versus 532 ' __•_——* — 

ratio vfflue of ona weVetnd^^ 



atton In expression. Mo alteration was detected, by OGH In 
most of these areas (TCC 733, 60% and TCC 827,81%; see 
Table I, bottom). Because the ability to observe reduced or 
Inereased mRNA expression clustering to a certain chromo- 
somal area dearly reflected the extent of copy number 
changes*we plotted the maximum CGH aberrations in the 
regions showing CGH changes against the ability to detect a 
change In mRNA expression as monitored by the oUgonucleo- 
wto arrays flFlg. afCBar both tumors TCC 733 to < 0.01 6) and 
TCC 827 (p < 0.00003) a highly significant correlation was 
obsenwd between the level of CQH ratio change Reflecting 
J» DNA copy number) and alterations detected by the army 
based technologylBd;^ StoOar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These^reas correlated best with CGH when the CQH 
ratio deviated 1.6- to 2.0-fokf (Table I, bottom) but mostly did 
not a) lower CQH deviations. These data probably reflect that 
toss of an allele may only lead to a 60% reduction In expres- 
sion level, which Is at the cut-oft point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent. 

MIctosateUltv-basBd Detection of Minor Areas of Loss- 
es-ln TCC 733, several chromosomal areas exhibiting DNA 
amplication were preceded or followed by areas whha nor- 
mal CGH but reduced mRNA expression (see Rg. 1, TCC 733 
chromosome 1q32, 2p21, and 7q21 and q32, 9q34, and 
10q22). To determine whether these results were because of 
undetected toss of chromosomal material in these mniorv. ~ 



Decause or other non-structural mechanisms regulating tran- 
scrtpttpn. we examined two rpicfosatellltes positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q28 and at 2p22 
Indicating that minor deleted areas were not detected wtth the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p In 
TCC 733 showed a CQH pattern of gain/no change/gain of 
DNA that correlated wtth transcript increase/decreasa^rv 
crease. Thus, for the areas showing Increased expression 
there was a cprrelafion wtth the DNA copy number alterations 
Wg. "Mi. As Indicated above, the mRfIA decrease observed In 
me rriddto. of the chromosomal gain was because of LOH, 
Implying that one of the rnecbanlsml for rrtRNA dowtwegu* 
latlon may be regions that have undergone smaller tosses of 
chrornosomal material However, this csre^lie detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the tetomeric end of chro- 
mosome 11p showed a normal rand In the CQH analysis; 
however, clusters of five and three genes, respectively, tost 
their expression. Two mlcrosatetlttes (D1 131760, D11S922) 
positioned close to MUC2, IGF2, and cathepsto D Indicated 
LOH as the most likely mechanism behind the toss of exores- 
sldn (data not shown). 

A reduced expression of mRNA observed In TCC 733 at 
chromosomes 3q24, 11p1l. I2p12£, 12q21.1, and 16q24 
and In TCC 827 at chromosome 11p16\5, 12p11, 16q112. 
and 18q12 was also examined for chromosomal losses using 
mterosateflKes positioned as close as possible to the gene lod 
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7^t^r^!f!^! ySl * <* tos « <* botarozygoafty. TUnw 
S^f^S heterozygosity at ctvomosorne 1o2S, detected 

"B. IX W by D182735 doss to cathepsfo B (geoo 

S^l^ff^ fe"" 0 11 on Fig. 1) and of (d) tumor 827 
ipsa of hetaraygosBy at chromosome 18q12 by 81881118 

ilTSL^'™ ««par cwww show the etectrophercgrem obtained 
™™*™ra^ 

aWfopharogram from tumor DMA (7). In all cases one allele Is 
pertteny lost in the tumor anipllcon. 

showing reduced mRNA transcripts. Only the mlcrosatellite 
positioned at 18q12 showed LOH (Fig/ 3), suggesting that 
transcriptional down-regulation of genes in the other regions 
may be controlled by other mechanisms. 

RBfs^cn between Changes In mRNA ana Protein Levefe- 
zIVPAGE analysis, in combination with Coomassle Brilliant 
Blue and/or silver staining, was carried out on all four tumore 

using fresh biopsy material 40 weO resolved abundant known 
«r%tefr» areag ftQm ^ ^ ^ pH 
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Ra4» Correlation between protein levels as Judged by 2D. 
PAGH and transcript ratio. K*conp*toon proteteeWdl^dln 
Owe groups, unaltered m level or up- or dowiwerjtfrjtad fta*or« 
«^3«»"»RNA *» » o^emiJn^bVcflgoiiodeotkJeanW^ 
Plottedter each gene (renfeaf adsV « mRNAs that wars sccracTas 
preseht In both tumors used for the ratio calcsJaBon; A, mRNAa that 
™»»corw3 las absent kt the Invasive fumon^hona^laiSor 
as absent h non-invasive reference (top of flgureV Two cUferer* 
"J2g to scaBng as a confound* TOCmm 

and 633 (A4 were scaled with background suppression, andTCCs 
733 and 335 (eQ were scaled wrifoltt auppreSoTB^omS 
sor» showed highly algntflcant to < 0.006) olftaspcsata mRNA ratios 
brtween the groups. Proteins shown were as follows: Group A (from 
fe%pi»splwglucomutas»4,gtutatt>^ 
Matty ed*bMrng protein homotogu* oytokoraUn 18, andcVto. 

heat shock protein, cytokeratJn tS. and eateycisi; Ctfrom^ 
bseJmRNP bi. 28-kDa heat shock prow* l4-3£Tand 

pre-mRNA gpnclng factor, D, mesotheSal keratin K7<tYpell):£ a^ 
fop), glutathione S-transf eraae-ir and mesotheM keratfrt K7 ftvbs Dfc 

keratin 19. calgtezartn. phosphoglycerate mutase, annaxln rv. cv- 
k^eleteH^ hnRNP At, Integral membrane protein earned 
OP80X hnfiNP H, brain-type dathrtn Bght chaln-a, hnRtff» F 70-kDa 
h^t*ock protein, hatarogeneous nuclear riboruoteoprotern ML 
wmsiatora^ oontroled turrw 

Phate dehydrogenase, karaflh 8, aldehyde reductaM. and tteJC. 
ATPase fl-1 subta* 0. (from too and teffl, T^C^caitoiaTO. 
kOa heat shock grotrfn. catnexin. hnRNP * cyW<eeSftl8?ATP 

o^dohyd^phesphatase dehydrogenase, gtutaihtons S4/an^ 
ase^ara karetln 8; H (from fefl), plasma getsoDiv autoanSgen e#> 
reUcr^ tl*>re*wln.awi NAD+-depei^ 
dehydnjganaset / (from top), prolyl ^hydroxylase S^ubuft 
terato 20, cytokeretti 17, prohibition, and fructose 1,6-biphW 
phatasec J armexln ft K, armexbi.iV; t (from fop artdi^9(Wd)ah©at 
shock protein, prolyl 4-hydroxylase S-eubunit, o^notese, SRP 7k 
cyclophiltn, and cofiBn. ^ 

gradient, and having a known chromosomal location, were 
selected tor analysts In the TOO pair 827/632. Proteins were 
Identified by a combination of methods (see "Experimental 
Procedures'). In general there was a highly significant corre- 
lation to < 0.005) between mRNA and protein aJteraHons (Rg. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto- 
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Fta. 5. Conipartson of prote* and transcript feveie In Invasive 
and im-favastveTCCs; The opperpttrt of Uwftguroshbwa a 20 30! 
(Wfr arid the cflgonucleotkte 

gtes on the copper pa* MghOght the aim that art ocmp^ betoW. 
ktentteat areas of 2D gets of TCCs 532 am* 827 a* shown below. 
Ctearly, cytokeratin* 13 and 1$ are strong* dcwrnegidated kt TCC 
827 (red amotathn% Tns tto on the array coritainlng probes tor 
cytoKaratin 15 Is enlarged below the array (rod aww) from TCC 532 
and l» oocppared wfthTCO 827* ThQ-uppetnw&squar&skieati} tile 
corresponds to perfect match probes; the tower row corresponds to 
mismatch probeo containing a mutation (used for correction for un- 
specfflo binding). Absence of signal Is depleted as Mac*, and the 
higher the signal the Ighter the color. A Hah transcript level was 
detected &VTCC 532 (8151 united whereas a much lower level was 
detected In TCC 827 (absence of signals), for cytokeratin 13, a high 
transcrlpt VJevel was also present In TCC 532 (15859 units), and a 
much tower level was present in TCC 827 (623 units). The 2D gets at 
the bottom of the figure Qeff) show levels of PA-FABP and aoTpocyte- 
FABP tn TCC8 336 and 733 (Invasive), respectively* Both proteins are 
denvn-regufeted In the Invasive tinner. To the right we shew the array 
tfles far the PA-FABP transcript A medhin transcript level was de- 
tected to the case of TOO 335 (1277 units) whereas very low levels 
were detected In TCC 783 f!68 units)* JBF# Isoelectrio focjugjrig. . 



keratins encoded by genes on chromosome 17 (Rg. 5) the 
analyzed protons did not betongtoapartk^fair^ 
focused proteins whose genes had a know chromosomal 
location were detected tn TCCs 733 and 335, and of these 19 
correlated (p < 0.005) with the mRNA changes detected using 
the arrays (Fig* 4). For example, PA-FABP was. highly ex* 
pressed In the non-lrrvaslve TCC 335 but lost in the Invasive 
counterpart (TCC 733; see Rg. 5). Hie smaller number of 
proteins* detected ft) both 733 and 335 was because of the 
smaller size of the biopsies that were avaJiaMev 

Tf cfroife»n^ wrWe CGH sh6wWabei^a0cra 
that corresponded to tie changes In transcrip t levels also 
showed corresponding charges the rxote^ level (Table 11). 
These regions included genes that encode proteins that are 
found to be frequently altered in bladder cancer, namely 
cytokeratlns 17 and 2<X arinexlns II and W, and the felly 
acM4lruito 

telne were encoded by genes tn chromospme 17q, a fre- 
quently amplified chromosomal area In invasive 



DISCUSSION 

Moat human cancers have abnormal DNA content having 
lost some chromosomal parts and gained tfhera The present 
study provides seme evidence as to the effect of these gains 
and tosses on o^^ eig^^pn two jrairs of nc^>ya^ve 
iand Jnyaerve TCCs using high throughput expression arrays 
and proteornJcs. in combination with CGH. In general, the 
resutta showed that thereto a cl^ 
mRNA expression of single genes, Which In some cases was 
superimposed by a DNA copy number effect In most cases, 
genes located In chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced tarVwX expres- 
sion. The latter might be because of the fact that tosses most 
often are restricted to loss of one aBele, and the cut-off point 
for detection of expression alterations was a 2-fold change, 
thus being at the border of detection. In several cases, hovr- 
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Table H 

expressions corro&tes with both mRNA and gene dose changes 



Chromosomal location Tumor TCC CGH alteration Transcript 




Annexintl 
ArmexInlV 
Cytokeratin 17 
Cytokeratin 20 
(PAr)FABP 
FBPf 

Plasma getsoUn 
Heat shock protein 28 
ProhibWn 
PrcJyM-hydroxyl 
hnFNPBI 



h In cases where the' 



1Q21 
2p13 

17q12-q21 

17q21>1 

8q21£ 

9q22 

9q31 

15q«-q13 
17q21 
17q25 
7p15 



733 
733 
827 
827 
827 
827 
827 
827 
827/733 
827/733 
827 



Gain 
Gain 
Gain 
Gain 
Loss 
Gain 
Gain 
Loss 
Gain 
Gain 
Loss 



Abs to Pres* 
33-Fold up 
3.8-Fold up 
5.8-FoJd up 
10-Fold down 
2-3-Fota up 
Abs to Pros 
Z5-fo\d up 
3,7V2.5-FoW ufi* 
6V7-/1 .8-Fold up 
2^-FokJ down 



increase 
Increase 
Increase 
Increase 



Increase 
Increase 



Increase 
Increase 



conespofKfing alterations were found in both TCCs 827 and 733 these are shown as 827/733. 
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ever, jm increase or decrease in DNA copy number was arm and that the use of cDNA mJcroarrays for analysis of DNA 
associated wfth do novo occurrence or complete loss of tran- copy number changes wiD reach a resolution thai can resolve 
script, respectively. Some of these transcripts could not be these changes, as has r$c^ 

detected In the non-Invasive tumor but were present at reia- data were not more frequent at the boundaries of the CQH 
tlvely high levels In areas with DNA amplifications In the Inva- aberrations. At present we do not know the mechanism be- 
sive tumors (eg. In TCC 733 transcript fom cellular llgand of hind chromosomal aneuptoldy and cannot predict whether 
anneodrt II gene (chromosome 1q21) from absent to 2670 chromosomal gains wfli be transcribed to a larger extent than 
atbftmry Onlts; In TCC 827 transcript from smaB proBne-rich the two native alleles. A mechanism as genetic Imprinting has 
protein 1 gene {chromosome 1q12-q21.1) from absent to an Impact on the expression level In normal c^ls and Is often 
2^g^»Y "nteX jt m ay be anticipated from these data reduced In tumors. However, the relation between Imprinting 
"thsttlytffteanrcl^^ ^anergotn of droniosomat material to pottatownr - : -- : ■ 

Son to a certain chromosomal area Indicates an Increased We regard It as 4 strength of this investigation that we were 
likelihood of gain of chromosomal mateto In this area able to compare imrastatunwre to benign* 

Conadedngtomanypos^ to normal urothelium, as the tumors studied were bktoglcaDy 

Ing at the level of transcription, ft seems strMng that the gene very close, aid probably may represent successive steps In 
dose effects were sobtearly detectable In gained areas. One tteprogjresstonafbladd* 
hypothetical explanation may Be In the loss of controlled of fresh tissue*^ 

methylatton A tumor cells 07-1^ Thus, It mi^ be possible, state of the art methods. The observed <^xrela8oo between 
tifet IftJuomosomes with Increased DNA copy ramfcers two DNA copy number and mRNA expression b remartebfer wfeen 
or more alleles could be demethytated simultaneously leading me considers that different plecesof the tumbrbtopsfee were 
to a higher transcription level, whereas In chromosomes with used for the different sets of experiments. Itts indicate that 
losses the remalntog aftele eouW be party methytaied, turning bladder tumors are relatively homogenous, a notion reoently 
off the process (20, 21). A recent report has documented a supported by CQH and L0H data that showed a remarkable 
ptotyiegulaflOT similarity even between tumors and distort metastasis (1ft 2$. 

the genes were present In the sameTatto (£2), a situation that Is tn the few cases analyzed, mRNA. and protein levels 
JSQtaretegei© tQLfliat of ssneercefe* w$k> dhow mated showed a srtrWng correspondence although In some cases 
chromosomal aberrations* as weS as gene dosage effect* we found dtscreparx^^ 

Several CQH studies of bladder cancer have shown that regulation, post-translattenal processing, protein degrade* 
some chromosomal aberrations are common at certain ton, or a combination of these. Some trar^crlpta belong to 
stages of disease progression, often occunlng In more than 1 undertranslated mRNA pools, which are associated with few 
of 3 tumors. In pTa tumors, these include 9p- t 9q~, 1 q+, Y- iranslatJonany inactive ribosomes; these pools, however, 
<& % ancUifcpTI tumors, 2q-,1 1p-, 11q-, lq+, 5p+, Sq+, seem to be rare £4). Protein degradation, tor example, may 
17q+, and 20q+ £-4, 6, 7). The pTa tumors studied here be very Important In the case of polypeptides with a short 
showed similar aberrations such as 9p- and 9q22-q33- and half-life (a»g, signaling proteins)* A poor correlation between 
9q- and respectively. Mke^^ the two rnlntn^ Invasive mRNA and protein levels was found m INer cells as deter* 
pTI tumors showed aberrations that are commonly seen at mined by arrays and 2D-PAGE (25), and a moderate correta- 
that stage, and TCC S27 had a mmark^reserTiblancetothe tto*was recently reported by Meker efat (26) In yeast 
ownmonfy seen pattern crosses and gains, such as 1qg&g4 . . . v Interestingly, our study revealed a much better correlation 

- amplification (seen hi both tumors); Mqt4-q22 loss, the latter between gained chromosomal areas and Increased mRNA 
often linked to 17 q+ (both tumors), and 1q+ and 9p-, often levels than between loss of chromosomal areas and reduced 
linked to 20q+ and 11 q1S+ (both tumors) (7-9). These ob- mRNA levels. In general, the level of CGH change determined 
servatlons Indicate that the pairs of tumora used In this study* the ability to detect a change In tiariscrtpt One possible 
exhibit chromosomal changes observed In many tumors, and explanation could be that by losing one allele the change In 
therefore the findings could be of general Importance for mRNA level Is not so dramatic as compared with gain of 
bladder cancer. material, which can be rather unlimited and may lead to a 

Considering that the mapping resolution of CQH Is of about severalfold Increase In gene copy number resulting In a much 
20 megabases It is only possible to get a crude picture of higher impact on transcript level, the latter would be much 
chromosomal Instability using this technique. Occasionally, easier to detect on the expression arrays as the cut-off point 
we observed reduced transcript levels close to or Inside re- was placed at a 2-fokJ level so as not to be biased by noise on 
glons with increased copy numbers. Analysis of these regions the array. Construction of arrays with a better signal to noise 
by positioning heterozygous mlcrosateBltea as close as poa- ratio may In the future allow detection of lesser than 2-fold 
slbie to the locus showing reduced gene expression revealed alterations in transcript levels, a feature that may facilitate the 

• toss of heterozygosity In several cases. It seems likely that analysis of the effect of loss of chromosomal areas on trarv 
multlple and different events occur along each chromosomal script levels. 
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> In eleven cases wo found a significant correlation between 
DNA copy number, mRNA expression, and protein level Four 
of these proteins were encoded by genes located at a fre- 
quently amplified area in chromosome 17<k Whether DNA 
copy number Is one of the mechanisms behind alteration of 
these eleven proteins Is at present unknown and will have to 
be proved by other methods using a larger number of sam~ 
pies. One factor making such studies complicated Is the large 
extent of protein modification that occurs after translation, 
requiring Inminoldentificatfon and/or mass spectrometry to 
co r r ec tl y fctenU i y th e p rote tn s^riho gate- - - -•— — -~ 

In condusiorv the results presented In this study exemplify 
the large body of knowledge that may be possible to gather In 
the future try combining state of the art techn Iqu as that follow 
the pathway from DNA to protein £6). Here, we used atrad- 
ttorml 1 chromosomal CQH method, but In the future high reso* 
rUttanCGH bated on mkaroarays wfth many thousand radiation 
hybricNriapped geiw wi increase the resolution 
tiortderlttsa^^ 

expression arrays araly^ transcrtpte 
known locations, and 2D gel analysis to obtain Wbm^tkm at 
the post-translatJonal level, a dearer and' more developed m» 
derstandlng of the tumor genome w» be fbrthwxrilng. 
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ABSTRACT 4 

Genetic changes underlie tumor progression and may lead to cancer* 
specific expression of critical genes* Over 11 OQ. publications bare de- 
scribed the use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations In cancer, but very few of the genes 
affected are known. Here, we performed high -resolution CGH analysis on 
cDNA micro arrays In breast cancer and directly compared copy number 
and mRNA expression levels of 13,824 genes to quantitate the impact of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 Independent amplicons, ranging in size from 0l2 to 12 
Mb, Throughout the genome, both high- and low-level copy number 
changes had a substantial impact on gene expression, with 44% of the 
highly amplified genes showing overexpression and. 103% of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene, amplification.. TJiese 
included most previously described amplified genes in breast cancer and 
many novel targets for genomic alterations, including the BOXB7 gene, 
the presence of which In a novel amplicon at 17q2i3 was validated in 
10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpression Is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

» * 
* 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
riesi some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mained^ elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains limiteo? 9 ^ ^ 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate, the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets , for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such zsERBB2 and EGFR (7, 8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, over 
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Kg. 1. Impact of gene copy tnimber on global gene express 
over- and underexpressedqgenes (7 axis) according to copy . numbed^atios (X axis). 
Threshold values used lor over- and underexpressfon were >Z184 (global upper 7% of 
the cDNA ratios) and <0.4826 (global lower 7H of the expression ratios). B. percentage 
of amplified and deleted genes according to expression ratios. Threshold values for 
amplification and deletion were >1.5 and <0.7. ' 



20 recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH 5 (9, 10).. However, these amplicons are often 
large and poorly defined, and their impact oh gene expression remains 
unknown. 

. * 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or maintenance of the maMgrffiTit phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes whose mRNA expres- 

. • a 



3 The abbreviations used are: CGH, comparative genomic hybridization; FISH, fluo- 
rescence in situ hybridization; RT-PCR, reverse transcription-PCR. 
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Fig. Z de»me-wi<le copy mimber and expression analysis in the MCP-7 breast cancer ceU line. A. chromosomd CQH anahnli of MTD-7 t*» «— , ^i. ~, 
»d ^ ■■75T Womere to X « te M»» «» along w«, ±1 SD (^to^S)^ 

^«f!Sj?V ntl0 . of la> ^ 8 enoma - wlde «W <"miba analysis in MCF-7 by CGH oncDNA mtooanay. 1T.B cZSb^ia&i^ 
^n^&tK-^'SSSS^ fa . ft indiv " tual *» ^ " «"2*d with . line, a^3ngStZ o?rt!dSS^^ K^L^ 
SSZSTSSL * . Q fa S^ ^f** " hiMtA * Colar «cotding to cPNA expression ration The Mgta ZS» fcE riteJSrt^ md^jMf 

SSS SS^. ° teerV * ,<m * I* mn^^bW at the ^^CfigZ'S chZ^b^e^ 



sibn is most significantly associated with amplification of the corre- 
sponding genomic template. 

■ 

MATERIALS AND METHODS ■ 

Breast Cancer Gefl lines. Fpurteen breast cancer cell lines (BT-20 BT- 
474, HCC1428, Hs5W, MCF7, MDA-361, MDA.43.6, MDA-453, MDA-468, 
SKBIl-3, T-47D, UACC812, ZR-75-1, and ZR-75-30) were obtained from the 
American Type Culture Collection (Manassas, VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Mlcroarrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
performed as described (1 1-13). Of these clones, 244 represented uncharac- 
terized expressed sequence tags, and the remainder corresponded to known'* 
genes, CGH experiments on cDNA mlcroarrays were done as described (14, 
15), Briefly, 20 jig of genomic DNA from breast cancer ceU lines and normal 
human WBCs were digested for 14.-1 8 h with Ahd and Ami (Life Technol- 
ogies, Inc., Rockville, MD) and purified by phenol/chlorofbrm extraction. Six 
Mg of digested cell line DhJAs were labeled with Cy3-dUTP (Amersham 
Pharmacia) and normal DNA with Cy5*dUTP (Amersham Pharmacia) using 
the Bioprime Labeling kit (Life Technologies, inc.). Hybridization (14, 15) and 
postbybridizatibn washes (13) were done as. described. For the expression 
analyses, a standard reference (Universal Human Reference UNA; Stratagene, 
La Jolla, CA) was used in all experiments. Forty jtg of reference RNA were 
labeled wim Cy3-dUTP and 3.5 jig of test. mRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on microarrays as described (1 3, 15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target . 
locations using the DE ARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the corres^nding clone m the control hybridization. For 
the copy number analysis, the ratios were normalized on me basis of the 
distribution of ratios of all targets on the array and for the expression analysis 
on the basis of $8 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (/.*, copy number data with mean reference 
intensity <100 fluorescent units, and expression data with both test' and 
reference intensity <100 fluorescent units and/or. with spot size <50 units) 



were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define outpoints for increased/ 

^^^^^^ 

ratio >1.43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <0:73 (representing the lower 5%) were considered to be 
deleted. 

Statistical Analysis of CGH and cDNA lvfleroarray Data. To evaluate 
the influence of copy number alterations on gene expression, we. applied the 
following statistical approach. CGH and cDNA calibrated intensity ratios were 
log-transformed ami normalized using median centering of the values in each 

gene across all 14 cell lines were 
median centered For each gene, the CGH data were represented by a vector 
that was labeled 1 for amplification (ratio, >1.43) and 0 for no amplification. 
Amplification was correlated wim gene expression using the shmal-tn-noim 
statistics (1). We calculated a weight, w F for each gene 



where m glt (r sl and denote the means and SDs for the expression 

levels for amplified and nonamplified cell lines, respectively. To assess the 



ra 



permu- 



statistical rignificance of each weight, we performed 10, 

rations of the label vector. The probability 

weight by random permutation than the original weight was. denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization of cJ)NA Clones and AmpHcon Mapping, Each 
cDNA clone on the inicroarray was assigned to a Unigene cluster using the 
Unigerie Build 14j. 6 A database of genomic sequence alignment information 







ill 




• 






if 





bp positions for each cDNA clone were then retrieved by relating these data 
sets, Amplicons were defined as a CGH copy number ratio >10 m at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. The amplicon start and end positions were 



6 Internet address: http://researclijihgri 
Internet address: www.genome.ac8c.edn. ' 
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Tablet Summary of independent amplicons in J4 breast ameer ceil lines by 

CGH rnicroarray 

Location . 

!pl3 
lq21 
Iq22 
3pJ4 

7plZl-7pll.2 
7q31 
7q32 

8q21.ll-8q21.13 
8q213 

8<j233~8q24J4 * 
8q24.22 
9pl3 

13a22-<|31 
16q22 
17ql 1 

17qli-o2U 
17q21.32-q21.33 
17q22~q23.3 
17<J233-424J 
19ql3 
20qll^2 
20ql3.12 . 
20ql3.i2-ql3.13 
20ql3.l-ql3.32 



Stan (Mo) 


End (Mb) 


Size (Mb) 


!3t79 


132.94 


0.2 


17192 


17745 . 


33 


179.28 


17937 


03 


71.94 


74.66 


2_7 


55.62 


60.95 


53 


125.73 


130.96 


5 2 


140.01 


140.68 


07 


86.45 ' 


92.46 




98.45 


103 05 




129.88 


142.15 




\Sl2l 




J n 


38.65 


39.25 


n a ■ 


77.15 


8138 




86.70 


87 62 


U.Jr 


"29 JO 


30.85 


1.6 


39.79 


42.80 


3.0 


52.47 


55.80 


33 


63.81 


69.70 


5.9 


69.93 


74.99 


5.1 


40.63 


41.40 


0.8 


.34.59 


35.85 


13 


44.00 . 


45.62 


1.6 


46.45 


49.43 


3.0 


5132 


59.12 


. 7.8 



CGH were validated, with lq21, 17ql2-^21^ 17q22-q23, 20ql3.1, 
and 20ql3.2 regions being most commonly amplified Furthermore] 
the boundaries of these amplicons were precisely delineated. In ad- 
dition, novel amplicons were identified at.9pl3 (38.65-39 25 MbY 
and 17q213 (52.47-55,80 Mb). • 
Direct Identification of Putative Amplification Target Genes. 
The cDNA/CGH rnicroarray technique enables the direct correla- 
tion of copy number and expression data on a gene-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in ihe MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20ql3 were highly overex- 
pressed A view of chromosome 7 iii the IylDA-468 cell line 
implicates EGFRu. the mosi Mj^y overa^ and amplified 
gene at 7pll-pl2 (Fig. 1A). In BT-474, the two known amplicons 
at 17ql2 and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 33). In addition, several genes, including the 
homeobox genes HOXB2 and HdXB7 3 were highly amplified in a 
previously undescribed independent amplicon. at i7q2L3. HOXB7 
was systematically amplified (as validated by FISH, Fig. 3B, insef) 
as weD as oyerexpressefj (as verified by RT-PCR, data not shown) 
in BT-474, UACC812, and ZR-75-30 ceUs. Furthermore, this novel 



exteroied to include neighboring nonamplifled clones (ratio, <15). The am-. 
bHcon size determination was partially dependent on local clone density. 

FKH. Dual-color interphase FISH to breast cancer cell lines was done as & ? 
described (17). Bacterial artificial chromosome clone RP11-361K8 was la- . a* 
beled with SpectrumOrange (Vysis, Downers Grove, ILX and Srjectrunv 
Orangerlabeled probe for EGFR was obtained from Vysis. SpectrumGreen- 
labelcd chromosome 7. and 17 centromere probes (Vysis) were used as a 
reference. A tissue rnicroarray containing 612 formalin-fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
- (18)- The use of these specimens was approved by die Ethics Committee of the 
University of Basel and by the NIH. Specimens containing a 2-fold or higher 
increase in the number of. test probe signals, as compared with corresponding 
centromere signals, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
and the log-rank test 

RT-PCIt The HOXB7 expression level was determined relative to 
GAPDH. Reverse transcription and PGR amplification were performed using 
Access RT-PCR System (Promega Corp., Madison, WT) with lO ng ofmRNA 
as a template. HOXB7 primers were 5'-GAGCAGAGGGACTCGGACTT-3' 
and 5'-GCCrrCAGOTAGCGAHGTAG-3'. 

RESULTS . . ~ ■ 

< 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH microarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expiression patterns. Up to 44% of fee highly amplified 
transcripts (CGH ratio, >2.5> were overexpressed (Le.. belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
geiies with normal copy number levels (Fig. 1 A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy number (Fig. IB). Low-level copy number 
increases and decreases were also associated, with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used io plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 kb*. This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to-12 Mb of DNA (Table 
1). Several amplification sites detected previously by chrbmosomai 
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Fig. 3. Annotation of gene expression data on CGH rnicroarray profiles. A, genes in the 
7pH^12 amplicon in the MDA-468 cell line arc highly expressed (red dots) andfochide 
the EGFR oncogene. JJ. several genes in the I7ql2, 17<|21 3, and 17q23 amplicons in the 
BT-474 breast cancer cell line are highly overexpressed (red) and include the HQXB7 
gene. The data labels and color coding are as indicated for Fig. 2C Insets show 
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centromere probe (green) to MDA-468. (4) and /f£&7-«pecinc 
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% 4. List of 50 genes Trtth. t statistically 
significant correlation (« value <a05) between 
B** copy number and gprw expression. Name 
cwanosoaal location, sod the a vatoe for each 
S*»jre indicated. The ^cne* have been entered 
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expression ratio pattern in the 14 cell uW The 
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H* of 270 gene* is shown m supplemental Fig. B. 
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present in 10.2% of 363 orimarv 
breast cancers by FISH to a tissue mlcroarray and was associated 
with poor prognosis of the patients \P = OiOOl) 

Statistical Identification and Characterization of 270 Highly 
Expressed Genes in Amplfcons. Statistical comparison of expres- 
sion levels of all genes as a Amotion of gene amplification Identified 
270 genes whose expression was significantly influenced by cony 
mimber across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
hig to the gene ontology data, 8 91 of the 270 genes represented 
hypoftehcal proteins or genes with no functional annotation, whereas 
' 'J? a8sociated fcnctfonal information available. Of these, 151 
(84/.) are implicated in apoptosis, cell proliferation, signal tamsdnc- 
hon, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



* Interact address httpVAvww.geneofitotogy.ai^. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >10OO publications applying COH» (9, 10), as well 
as in a large mimber of other molecular cytogenetic cytogenetic and 
molecular genetic studies. The effects of these somatic gcrietic 
changes on gene expression levels have remained largely unknown 
although a few studies have explored gene expression changes occur- 

we applied genome- 
wide cDNA m,croarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen In the case of high- 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulation of gene expression patterns in 
cancer may be equally important if not more important than that of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on irhe impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24). " 

The CGH microarray analysis identified 24 Mdependent breast 
cancer arnplicons. We defined the precise boundaries for, many am- 
plicons detected previously by chromosomal CGH (?, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons. One of these novel amplicons 
involved the homeobox gene region at 17q21 3 and led to the over- 
expression of the HOXB7 and HOXB2 genes. The homeodoniain 
transcription ftctors «P known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 transfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
tomorigenicity and angiogenesis in breast cancer (29-32). the pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view fa supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification With poor prognosis, 
of the patients. :. 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing -2% of all genes pn the array), including not only 
previously . described amplified genes, such as HER-2> MYQ 
EGFR, ribosomal protein s6 kinase, and AIBS > but also numerous 
novel genes such as NRAS»related gene (lpl3), syndecan-2 (8q22), 
and bone morphogentc protein (20ql3.1), whose activation by 
amplificati^ may similarly promote breast cancer progression. . 
Most of the 270 gene! have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we. demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels-of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
prominent global influence of copy number changes on gene 
expression levels; (b) a high-resolution map of 24 independent 
amplicons in breast cancer; and (c) identification of a set of 270 
genes, the overexpression of which was statistically attributable to 
gene amplification Characterization of a novel amplicon at 
17q21.3 implicated amplification and overexpression of the 
HOXB7 gene in breast cancer, including a clinical association 



between HOXB7 amplification and poor patient prognosis. Overall 
our results illustrate how the .identification Of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development 
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Genomic DNA cop/ number alterations are key genetic events In 
the development and progression of human cancers. Here we 
report a genome-wide microarray comparative genomic hybrid- 
ization (array CGH) analysis of DMA copy number variation m 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6,691 mapped human genes, to 44 
predominantly advanced, primary breast tumors and 10 breast 
cancer cell lines. While the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplkon boundaries and 
the quantitative analysis of amplkon shape provide significant 
improvement In the localization of candidate oncogenes. Parallel 
microarray measurements of rnRNA levels reveal the remarkable 
degree to which variation In gene copy number contributes to 
variation In gene expression In tumor cells. Specifically, we find 
that 62% of highly amplified genes show moderately or highly 

elevated expression, thatraNAtosyiiumJ^ 

pressfon across a wide range of DNA copy number alterations 
(deletion, low-, mid- and high-level amplification), that on average, 
a Z-fold change in DNA copy number Is associated with a corre- 
sponding 1.5-fold change fat rnRNA levels, and that overall, at least 
12% of all the variation In gene expression among the breast 
tumors is directly attributable to underlying variation In gene copy 
number. These findings provide evidence that widespread DMA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer. 

♦ 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1), have led to the Identifi- 
cation of a number of recurrent regions of DNA copy number 
alteration in breast cancer celfelines and tumors (2M). While 
some of these regions contain known or candidate oncogenes 
[e.g^ FOFRt (8pll), MYC (8q24), OCND1 (Uql3), ERBB2 
(17ql2), and ZNF217 (20ql3)j and tumor suppressor genes 
[RBI (13ql4) and TP53 <17i>13)], the relevant gene(s) within 
other regions (e.g,, gain of lq, 8q22, arid 17q22-24, and loss of 
8p) remain to be identified. A high-resolution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-1) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because we had measured rnRNA levels in parallel in 
the same samples (8), using the same DNA microarrays, we bad 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression. From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. 

* 

Materials and Methods 

Tumon and Cefl Lines, Primary breast tumors were preuV>nunanUy 
large (>3 cm), mtermediate-grade, infiltrating ductal carcino- 
nia$ "with moire than $S% 'being lymph node positive. The 
fraction of tumor cells within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1, which is published as supporting 
information on the PNAS web site, www.pnas.org. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform extr 
followed by ethanol precipitation. 



ONA Labeling and Microarray Hybridizations. Genomic DNA label- 
ing and hybridizations were performed essentially as described 
in Pollack etal (7), with slight modifications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly. •Test" DNA 
(from tumors and cell lines) was f luorescentfy labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6,691 
different mapped human genes (Le., UniGene clusters). The 
^reference'' (labeled with Cy3) for each hybridization was nor- 
mal female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeling and hybridization of 
rnRNA samples have been described (8). 

Data Analysis and Map Positions, Hybridized arrays were scanned 
on a GenePbr^canner (Axon Instruments, Foster Oty* CA), and 
fluorescence ratios (test/reference) calculated using scan alyze 
software (available at http://ranaJbl.gov). Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence ratio for all array elements equal to 0. Measure- 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable, DNA copy number profiles 
that deviated significantly from background ratios measured in 
normal genomic DNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Ahered Fluorescence Ratios in the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5 -nearest neighbor s). 
Map positions for arrayed human cDNAs were assigned by 



Abbreviation: CGH. comparative genomic hybridization. 
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number* of X diromosomes, lor breast cancer ceil lines, and lor breast tumors, tech row represents a different cell lino or tumor, and each column represents 
oneof6f 91 different mapped human genes present on the mtooarray, ordered by genome map position from Ipterthrougfi Xqter. Moving average (symmetric 
Rarest neighbors) fluorescence ratios (test/reference) are depicted using a logH>ased pseudocolor scale (indicated), such that red luminescence reflects 
foldvampMflcation. green luminescence reflects fold-deletion, and black Indicates no change (gray Indicates poorly measured data). (6) Enlarged view of DMA 
copy number profiles across the X chromosome, shown for cell lines containing different numbers of X chromosomes. 
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identifying the starting position of the best and longest match of 
any DNA sequence represented in the corresponding UniGene 
cluster (10) against the "Golden Path" genome assembly 
(htt^//genome.ucsc.edu/; Oct 7, 2000 Freeze). For UniGene 
clusters represented by multipje^arrayed elements, mean flue* 
resoence ratios (for all elements representing the same UniGene 
cluster) are reported. For mRNA measurements, fluorescence 
ratios are "mean-centered" (Le., reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety in the supporting information. 

Results 

We performed CGH on 44 predominantly locally advanced, 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA microarrays containing 6,691 different mapped human 
genes (Fig. la; also see Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://genome.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themselves represent genes of potential interest (e.g^ 
candidate oncogenes within amplicons), but also provide precise 
genetic landmarks for chromosomal regions of amplification and 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chromosomes (Fig. lb), as we did before 
(7), demonstrated die sensitivity of our method to detect single- 
copy loss (45, XO), and 1.5- (47,XXX), 2- (48.XXXX), or 
2-5-fold (49POOOQQ gains (also sec Fig. 5, which is published 
as supporting information on the PNAS web she). Fluorescence 
ratios were linearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident in both the breast cancer cell lines and primary tumors 
(Fig. la), detected in the tumors despite the presence of euploid 
non-tumor cell types; the magnitudes of the observed changes 
were generally lower in the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readily iden- 
tifiable* For example, gains within Iq, 8q, 17q, and 20q were 
observed in a high proportion of breast cancer cell lines/tumors 
(90%/69%, 100%/47%, 100%/60%, and 90%/44%, respective- 
ly), as were losses within lp, 3p, 8p, and J3q (80%/24%, 
80%/22%, 80%/22%, and 70%/18% t respectively), consistent 
with published cytogenetic studies (refe. 2-4; a complete listing 
of gams/losses is provided in Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 



t www4Jnas.org/cgi/dol/iai073/poas.16247lM9 



Pollack rtat 




I It *'* 



... .... . . « i „ « s 



■ . ■ 



Mbr 



felt 



0 10 

8pter 



k — i- 



cen 



wo 1S» 

8qter 



Fig. 2. DNA copy number alteration across chromosome 8 by array CGH. (a) DN A copy number profiles are Illustrated for cell lines containing different numbers 
of X chromosomes, for breast cancer ceil lines, and for breast tumors. Breast cancer cell fines and tumors are separately ordered by hierarchical clustering to 
highlight recurrent copy number changes. The 241 genes present on the mlcroarrays and mapping to chromosome 8 are ordered by position along the 
chromosome. Fluorescence ratios (test/reference) are depicted by a log* pseudocolor scale (Indicated). Selected genes are Indicated with color-coded text (reel 
Increased; green, decreased; black, no change; gray, not well measured) to reflect correspondingly altered mRNA feveb (observed m the majority of the subset 
of jaroptes disptoyirtg the DNA copy number change). The m*p positions for genes of interest that are not represented on the mkroarrey are indicated in the 
row above those genes represented on the array, (5) Graphical display of DNA copy number profile tor breast cancer ceil line SKBR3. Fluorescence ratios 
Qumor/normal) are plotted on a log* scajejpr cr^rnosome 8 genes, ordered along trm dvomosome. ^ 



number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P » 
0.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P « 0.04), and harboring TP53 mutations (P « 
0.0006) (see Table 4, which is published as supporting informa- 
tion on the PNAS web she). 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
uncharacterized oncogene (Fig. 2a). The complexity of ampficon 
structure is most easily appreciated in the breast cancer ceil line 
SKBR3. Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 26). For each of these regions we can define the 



boundaries of the interval recurrently amplified in the tumors we 
examined; in each ease, known or plausible candidate oncogenes 
can be identified (a description of these regions, as well as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
found in Tigs. 6 and 7, which are published as supporting 
information on the PNAS web site). 

For a subset of breast cancer cell lines and tumors (4 and 37, 
respectively), and a subset of arrayed genes (6,095), mRNA 
levels were quantitatively measured in parallel oy using cDNA 
mlcroarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DNA copy number changes. For 
example, tbe highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes within an ampli- 
con. Perhaps more significantly, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident m an examination of the pseudocolor representations 
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Bg. 3. Concordance between DMA copy number and gene expression across chromosome 17. ONA copy number alteration (Upper) and mRNA levels (tower) 
are illustrated for breast cancer cell lines and tumors. Breast cancer cell Imes and tumois are separately ordered by hierarchical clustering {Upped, and the 
identical sample order is maintained (Lower). The 354 genes present on the mkroarrays and mapping to chromosome 1 7. and for which both DMA copy number 
and mRNA levels were determined, are ordered by position along the chromosome; selected genes are indicated In color-coded text (see Rg. 2 legend). 
Fluorescence ratios (test/reference) are depicted by separate iogi pseudocolor scales (Indicated)* 



of DNA copy number and mRNA levels for genes on chromo- 
some 17 (Fig. 3). The overall patterns of gene amplification and 
elevated gene expression axe quite concordant; icx, a significant 
fraction of nighty amplified genes aprjafr.^o beWorresjpondingry 
highly expressed. The concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and. representing 91 different 
genes), 62% (representing 54 different genes; see Table 5, which 
is published as supporting information on the PNAS web she) 
are found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4), 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) are 
also associated with cpn-esponding alterations in mRNA levels, 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4a). For both the 



breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five classes, in a 
statistically significant fashion (P values for pair-wise Student's 
t tests comparing adjacent classes: cell lines, 4 x 1 X lO' 49 , ^ 
5 X lUr* l x 10'* tumors, 1 X iO"" 4 *, Vx I0r*\ 5 X 1Q~*\ 
1 X 1(H). A linear regression of the average tog(DNA copy 
number), for each class, against average log(mRNA level) 
demonstrated that on average, a &fold change in DNA copy 
number was accompanied by 1.4- and 13 -fold changes in mRNA • 
level for the breast cancer cell lines and tumors, respectively (Fig. 
4a, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Rg. 4b). 
The distribution of correlations forms a normal-shaped carve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evidenced in a plot 
of observed vs. expected correlations (Fig. 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 46) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 
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Ho. 4. Genome-wide Influence of DNA copy number alterations on mRNA levels, (a) For breast cancer cell lines (gray) and tumor samples (black), both 
mean-centered mRNA fluorescence ratio <teg t scale) quartOes {box plots Indicate 25th, 50th, and 75th percentile) and averages (diamonds; y-value error bars 
Indicate standard errors of the mean) are plotted for each of five classes of genes, representing ONA deletion {tumor/normal ratio < OS), no change (0.8-1.2), 
tow* (1.2-2). medium- (2-4), and high-level <>4) amplification. Rvalues for pair-wise Student's t tests; comparing averages between adjacent classes (moving 
feftto right), are4 x 10-* 1 x to-* 5X10-5,1 x 10"' (ceil lines), and 1 x to** 1 x nr«* 5 x w-« 1 x 10-* ftumors). (6) Distribution of comlatfem between 
ONA copy number and mRNA levels, for 6.095 different human genes across 37 breast tumor samples, (c) Plot of observed versus expected correlation coefficients. 
The expected values were obtained by randomization of the sample labels In the DNA copy number data set The line of unity Is Indicated, (d) Percent variance 
In gene expression (among tumors) directly explained by variation m gene copy number. Percent variance explained, (black line) and fraction of data retained 
(gray line) are plotted for different fluorescence irrtensity/backg round (a rough surrogate for signal/raise) cutoff values. Fraction of data retained Is relative 
to the 1 .2 Intensity/background cutoff. Details of the linear regression model used to estimate the fraction of variation In gene expression attributable to 
underlying DNA copy number alteration can be found In the supporting Information (see Estimating the Fraction of Variation in Gerw Expression Attributable 
to Underlying DNA Copy Number Alteration)* 



tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall* about 
7% of all of the observed variation in mRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. Ad). We can reduce the effects of experimental 
measurement eiroron this estimate by^usingsaly that fraction 
of. the data most reliably measured (fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA revels directly attributed to variation in gene 
copy number increases to 12% (Fig. 4^). This stiU undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor celts themselves, but also 
by the variable presence of .non-tumor cell types within clinical 
samples. 

■ 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a series of human breast tumors demonstrates the 
Usefulness of defining amph'con boundaries at high resolution 
(gene-by-gene), and quantitatively measuring ampticon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



cell lines and tumors. Although the DNA microarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered gene 
expresskm/we believe our findings are likely to be generalizable 
(but would nevertheless still be remarkable if only applicable to 
this set of -6,100 genes). 

In budding yeast, aneupioidy has been shown to result in 
chromosome-wide gene expression biases (13)* Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with bur findings, Phillips et at (14) have shown that 
with the acquisition of tumorigenicity in an immortalized pros- 
tate epithelial cell line, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platter & cL (15) recently reported that in metastatic 
colon tumors only ~4% of genes within amplified regions were 
found more highly (>2-fbld) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et at (15) may have 
systematically under-measured gene expression changes* In this 
regard it Is remarkable that only 14 transcripts of many thousand 
residing within unamplified chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-complexity ampHcons, effectively overcalling re- 
gions with amplification* Alternatively, the contrasting findings 
for amplified genes maty, represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns in breast cancer has several important implications. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject tp specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
igenesSs. In our study, fully 62% of highly amplified genes 
demonstrated moderately or highly elevated expression; This 
highlights the importance of Wgh-resolurioifmlpping of ampP* 
con boundaries and shape [to identify the "driving** geoe(s) 
within amplicons (16)], on a large number of sampies,in addition 
to functional studies. Fourth, ibis finding suggests that analyzing 



►array gene expression data sets, may permit the inference 
of DNA copy number aberration, particularly aneuploidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting information). Fifth, this 
finding implies that a substantial portion of the phenotypic 
uniqueness (and by extension, the heterogeneity in clinical 
behavior) among patients* tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this finding supports 
a possible role for widespread DNA copy number alteration in 
tumorigenesis (17, 18), beyond the amplification of specific 
oncogenes. and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 



widespread unbalance M gene expression* might disrupt critical 
stoichiometric relationships in cell metabolism and physiology 
(e.g., prpteosome, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to rumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global 
imbalances in gene expression in cancer. 
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Marsters, S.A., Yan, M., Pitti, R.M., Haas, P.E., Dixit V.M., and Ashkenazi. A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologues BCMAand TACI. Curr. Biol 10, 785-788 (2000). 
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Kischkel, F.C., and Ashkenazi A . Combining enhanced metabolic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Biotechniques 29, 506-512 (2000). 
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Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, K., Shin, D. Mounho, B., 
Hillanj K., Totpal, K. DeForge, L., Schow, P., Hooley, J, Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kejley, S., 
Fox, J., Thomas, D., and Ashkenazi. A. Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. Nature Med 7, 383-385 (2001). 

■ 

ehuntharapai, A., Dodge, K., Grimmer, K., Schroeder, K., Martsters, S.A., 
Koeppen, H.. Ashkenazi. A ., and Kim. K.J. Isotype-dependent inhibition of 
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tumor growth in vivo by monoclonal antibodies to death receptor 4. J. Immunol 
166,4891-4898(2001). 

Pollack, I.F., Erff, M., and Ashkenazi. A . Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin* Cancer Res. 7, 1362-1369 
(2001). 

Wang, H., Marsters, S.A., Baker, T., Chan, B,, Lee, W.P., Fu, L., Tumas, D., Yan, 
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Immunol 2, 632-637 (2001). 
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Blenis, J., Amott, D., and Ashkenazi, A . Death receptor recruitment of 
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Biol. Chem. 276, 46639-46646 (2001). 
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Miller, K., Meng, G., Liu, J., Hurst, A., Hsei, V., Wong, W-L, Ekert, R, 
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1 . _ Ashkenazi, A.. Peralta, E., Winslow, £, Ramachandran, J., and Capon, D., J. 

Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. Lm,\263-272 (1988). . 

2. Ashkenazi, A .. Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. . 
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Functional diversity of muscarinic receptor subtypes in cellular signal 

• • • 

transduction and growth. Trends Pharmacol ScL Dec Supplement, 12-21 (1989). 
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4. Ashkenazi. A .v Capon, and D. Ward, R. Immunoadhesins. Int. Rev. Immunol 10, 
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» " ■ * . , » 
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Inhibition of erythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R, Shadduck, A. Levine F. 
Takaku, eds.) Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A Cytokine neutralization as a potential therapeutic approach for 
- ? SIRS and shock. J. Biotechnology in Healthcare 1, 197-206 (1994). - - 

8. Ashkenazi; A ., and Chamow, S. M. Immunoadhesins: an alternative to human 
monoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi. A . Immunoadhesins: Principles and Applications. 
Trends Biotech 14, 52-60 (1996). 

10. Ashkenazi, A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol. 9, 195-200 (1997). — 
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12. Ashkenazi. A ., and Dixit, V, Apoptosis control by death and decoy receptors. 
Curr, Opin. Cell Biol. 11, 255-260 (1999). 
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14. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily. Nature Rev. Cancer 2, 420-430 (2002). 
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15. LeBlanc, H. and Ashkenazi. A . Apoptosis signaling by Apo2I/TRAIL. Cell Death 
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1 . Resistance of primary HIV isolates to CD4 is independent of CD4-gpl 20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immuno-hybrids to extend the half-life of receptors. IBC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor Immunoadhesins for the Treatment of Sepsis. IBC 
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conference on Esdotoxemia and Sepsis. Philadelphia, PA/ June4 992. 

4. Immunoadhesins: an alternative to human antibodies. IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA* May 1 993. 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 
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7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
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polypeptide chain. American Association of Immunologists Conference. San 
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8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
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Drug Delivery in Biology and Medicine. Ventura, CA, February 1 996. 



Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NG, March 1996. 

Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors, New 
Orleans, LA, June, 1996. 
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Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December 1996. 
Apo-3: anovel receptor that regulates cell death and inflammation. 4th 
international Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
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New members of the TNF ligand and receptor families that regulate apoptosis, 
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inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 
hnmunoadhesins: an alternative to monoclonal antibodies; 5th World Conference 
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Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
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Control of Apo2L signaling by death and decoy receptors. American Association 

for the Advancement of Science. Philadelphia, PA, February 1998. 

* * ■ • * 

4 « • 

t * 

Apo2 ligand and itsjjeceptors. American Society of Immunologists^ San 
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Francisco, CA, April 1998. 

Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 
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ApoZL as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
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CA, June 1998. 

Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
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Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 



25. Apoptosis control by death and decoy receptors. American Association for 
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26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Franciscd, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. - : _ . . . 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
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29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
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Harbor, NY, September 1999. 

30. The Apo2I/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

31. Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philadelphia, PA, Apr 2000. 
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33 . Apoptosis signaling by Apo2L/TRAEL International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential; Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apd2L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. - Apoptosis signaling by*Apo2L/TRAIL. The Protein Society, 14 th 'Symposium. 

San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2I/TRAIL. AAPS annual meeting. Indianapolis, IN 
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Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2I/TRAIL. Kenote address, TNF family 
Minisymposium, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
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41 . Preclinical studies of Apo2I/TRAIL in cancer. Symposium on Targeted therapies 
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43 . Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001 . 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
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45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 

■ ■ . ■ * 

Organization conference, San Diego, CA, Jun 2001. 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001, 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. ' 

48. Apoptosis signaling by death receptors: overview. International Society for 
Merferon and Cytokine Research conference, Cleveland, OH, Oct 2001 . 

49. Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. San Francisco, CA, Oct 2001. 
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50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51. Apo2L/rRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 

■ ■ • * 
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Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52 . Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Binningham, Ab. October 2002. 

53 . Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international 
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- 

54. Apoptosis signaling by ^^Apo2I/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

* ■ 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003 . 

56. Apoptosis signaling by Apo2L/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 
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Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinkin; 
reagents, US patent 5,329,028 (Jul 12, 1 994). 

Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-*lirected crosslinkin, 
reagents. US patent 5,605,791 (Feb 25, 1997). 
Ashkenazi, A., Chamow, S. and Kogan. T. Ca 
reagents. US patent 5,889,155 (Jul 27, 
Ashkenazi, A, APO-2 ligand. US patent 6^030,945 (Feb 29, 2000). 
Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,124,435 (Sep 26, 2000). 
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Ashkenazi, A, Chuntharapai, A., Kim, J., Method for making monoclonal and crc 
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Ashkenazi, A. Fong, S., Goddard, A, Gurney, A., Napier, M., Tumas, D., Wood, 
A-33 polypeptides, US patent 6,410,708 (Jun 25, 2002). 
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Ashkenazi, A, Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
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HER-2/neu Breast Cancer Predictive Testing 



Julie Sdnford Hanna, PA.ZX and Dm Mornin, M.D. 



Each year, over 182,000 women in the United Stateis are 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large role. 2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju- 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty lies in how to iden- 
tify this high-risk subset of patients. These patients could 
benefit from increased surveillance, early intervention, and 
treatment. . 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNAploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

HER-2/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. 3 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(IHC, HefcepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk m women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 1 6.7% for 
patients with no HER-2/neu gene amplification, 4 HER-2/neu 
status may be particularly important to establish in women with 
small 1 cnt) tumor size. : 

The choice of methodology for determination of BER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical trials 
involving 1549 node-positive patients. Patients received one 
of three aifferent treatments consisting of different doses pf 
cyclophosphamide, Adriamycin, and 5-fluorouracil (CAF). 
The study showed that patients with amplified HER-2/neu 
benefited from treatment with higher doses of adriamycin- 
based therapy, while those with normal HER-2/neu levels did! 
not The study therefore identified a sub-set pf women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death. 5 Demonstration of HER- 
2Meu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast cancer patients. 

Selection of patients for Herceptin 0 (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon demonstra- 
tion of HER-2/neu protein overexpression using HercepTest™. 
Studies using Herceptin 0 in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking' at response 
to Herceptin 0 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i;e. f protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The Clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will unV 
lize immunohistochemistry (HercepTest 0 ) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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HER-2/neu via IRC 

w w 

88342 (including interpretive report) 

* 

HER-2/neu via FISH 

88271 *2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 
8829 1 Cytogenetics and molecular cytogenetics, interpret 
tation an4 report 

* ■ 
* ■ 

■ 

r * 

Procedural Information 

* ■ 

Imnaunohistochemistry is performed using the FDA-approved 
DAKO antibody kit^ Herceptest 0 . The DAKO kit contains 
reagents required to complete a two-step immunohisto* 
chemical staining procedure forroutinely processed, paraffin- 
embedded specimens > Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion ef the subse- 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved Path Vysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, spectrum orange) present at 
the chromosome4^centBomere and the second for the HER- 
2/neu oncogene located at 17ql 1 .2-12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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